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66 We are fitting into industry 
in a big way now, Milly Torr ”” 


¢¢ Yes, Mike Ron, tell the gentlemen 


about the new big ‘Speedivac’ 
high vacuum rotary pumps ?? 


¢¢ Well, gentlemen, Edwards have recently produced 
large ‘Speedivac’ pumps specially for those 
industries that need lots and lots of vacuum. 
And it is not just the size of these pumps that 
is important; they embody the well known 
*Speedivac’ conception of consistent high 
vacuum performance, and long trouble-free 
service plus the dependability that industry 
must have. Displacements are from 33.5, 50 


and 100 ft.*/min. and Edwards have a lot 


more information if you care to write! 


‘SPEEDIVAG’ WiGH VAGUUM ROTARY PUMPS 


33 


EDWARDS HIGH VACUUM LTD., MANOR ROYAL, CRAWLEY, SUSSEX, ENGLAND. Crawley !500 
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THE RELATION OF EDUCATION TO RESEARCH 


N opening a debate on education in the House of 
Commons on January 22, the Minister of Educa- 
tion, Mr. Geoffrey Lloyd, stressed the need for 
maintaining a balance between the different steps on 
the educational ladder. He said little about the 
ar schools, apart from a passing tribute to the 
way they had adapted themselves to the scientific 
age. The secondary modern schools had no long 
traditions to help them, but Mr. Lloyd said that in 
spite of handicaps some of them had considerable 
achievements to their credit, and 75 per cent of all 
children in some schools remained on after the com- 
pulsory age. Referring to the supply of teachers, 
Mr. Lloyd said that he hoped to make the training 
colleges much more like university institutions than 
many of them had been in the past, and that if it 
was clear that the 50 per cent expansion proposed by 
the Government was not enough, the Government 
would re-consider the expansion programme. There 
was no reference specifically to science teaching, but 
it has been stated that £2 million a year is being 
spent on laboratory buildings at maintained secondary 
schools, though without much more help the position 
at this critical point may well deteriorate rather than 
improve, as Dr. K. Hutton’s recent address at the 
North of England Education Conference indicated. 
In replying on the debate, the Parliamentary 
Secretary to the Ministry of Education, Sir Edward 
Boyle, pointed out that while the number of children 
in primary schools had fallen by 150,000-200,000 
in the past two years, 200,000 extra places have been 
provided. Primary schools themselves will benefit in 
three ways from the Government’s proposals for 
secondary education. Removal of senior children 
from all-age schools will leave more space for the 
younger children ; resources are to be found during 
the five-year period both for building new primary 
schools in new housing areas and for completely 
replacing some of the worst primary school buildings ; 
and a substantial part of the resources available for 
minor projects (costing less than £20,000) will be 
devoted to improving primary schools. As regards 
the reduction of all classes, junior and senior, to a 
maximum of thirty, Sir Edward Boyle pointed out 
that this would require a further 110,000 teachers 
over and above the present 260,000, and an increase 
of this scale is impracticable during the next few 
years. Finally, he repeated the assurance in the 
White Paper that there would be no attempt at a 
miform pattern of secondary education. Whatever 
the best solution may be in new housing areas or 
sparsely populated areas, in Mr. Lloyd’s view it 
would be wrong so to organize secondary education 
in the big cities of Britain as to leave parents no 
freedom of choice and to uproot good established 
‘chools, especially grammar schools, which are 
ilready doing first-class work. 
Almost the only reference to expenditure in the 
lebate was that of Mr. J. C. Jennings, who pointed 
out that the Government is already committed to 


£300 million for school building in the next five years, 
to £15 million for training colleges, £100 million for 
technological education and to £95 million between 
1957 and 1963 for universities, and it is expected 
that the total figure of approaching £800 million for 
the present year would reach £1,000 million by 
1963-65. Since then, the Minister of Education has 
given further details of the training college pro- 
gramme, which will include about seventy projects 
and is inspired by five principles: a considerable 
increase in the average size of the colleges, so that 
40 per cent will have more than 400 places and 
provide 60 per cent of the total intake ; the colleges 
will be made much more like university institutions 
than in the past ; there will be a sensible distribution 
of the new places throughout England and Wales, 
with particular attention to areas with a serious 
shortage of teachers ; special emphasis is being given 
to the training of more teachers of science and 
mathematics, and of certain other practical subjects ; 
and the number of colleges catering for both men 
and women will be more than doubled. 

The prospective supply of staff was one factor 
which has led the Minister to limit the current pro- 
gramme to 12,000 places, but Mr. Lloyd has already 
told the House of Commons that he is prepared to 
extend the programme if it appears that this 50 per 
cent expansion is insufficient, though he indicated 
that it would probably be wiser to extend the pro- 
gramme for a year or two after 1962 than to attempt 
more before then. On February 9 the Chancellor of 
the Exchequer announced that he proposed to ask 
Parliament to increase by £2,550,000 the recurrent 
grant of £34,350,000 already proposed for the 
universities for 1959-60, and to increase those for 
1960-61 (£36,750,000) and 1961-62 (£39,500,000) 
by £2,660,000 and £2,720,000, respectively. The 
Department of Scientific and Industrial Research, 
moreover, is now prepared occasionally to recom- 
mend grants for special researches for periods up to 
seven years initially, instead of five years, as hitherto, 
and its new policy may well tend to increase the 
total allocations to the universities, even if the actual 
awards are earmarked for research. Furthermore, 
some of the evidence submitted to the Anderson 
Committee on Grants to Students, notably the 
recommendations from the National Union of 
Students that awards should be made without 
reference to parental income, would, if accepted, 
further increase the national expenditure on univer- 
sity education by perhaps £1-5 million a year. 

Apart from its failure to consider expenditure and 
the critical issue of science teaching, the debate was 
disappointing in that secondary education was not 
properly considered either in relation to the educa- 
tional system of Britain as a whole or, apart from 
the stress laid by both Ministers on the need to 
consider the individual boy or girl, to the demand 
for talent. It should be almost a corollary of pro- 
viding equality of opportunity and freedom for the 
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gifted individual student to develop his or her ability 
to the full that there should be some relation between 
the scale of public education and the opportunities 
which the nation can provide for trained man-power. 
Notably the debate was characterized by lack of 
appreciation of the interdependence of the various 
levels of education, and of the way in which expendi- 
ture at one stage might limit expenditure at others, 
quite apart from considerations of available teachers 
or other resources. 

Such considerations should determine Britain’s 
expenditure on university and technical education, 
and the form which university expansion should 
take. Dr. B. V. Bowden has urged that we need 
more and bigger schools and more and bigger 
universities if we are to develop higher education 
sufficiently to meet Britain’s needs as a great manu- 
facturing and trading country. He has pointed out, 
too, that industry has a large part to play in develop- 
ing and financing this expansion, and that unless 
industry prepares now, the larger number of graduates 
in technology and engineering who will be leaving 
the universities and colleges of technology in a few 
years time will be unable to complete their education. 
Moreover, such co-operation is not entirely one-sided. 
In Dr. Bowden’s view, British universities do not 
make sufficient use of the facilities for research which 
are available in industry or through the Department 
of Scientific and Industrial Research. 

This is a particular aspect of the organization in 
Britain for research, and it is one to which due 
attention should be paid in considering the functions 
of that Department’s own research stations and of 
the research associations. There are dangers in the 
isolation of such institutions from academic life, as 
there are in the isolation of the universities them- 
selves ; and the repercussions between research and 
teaching are also complex and merit more attention. 
Apart from the question whether students in general 
should be encouraged to take up research unless they 
contemplate such a career and evince aptitude for 
research, there are questions as to the bearing of 
research on effective teaching, particularly in relation 
to facilities and the technical assistance available to 
the teacher who is also oceupied in research. 

All this is related, too, to the question of the size 
and distribution of universities in Britain as well as 
their number. The discussion on the size of univer- 
sities and university departments at the Conference of 
the Universities of the United Kingdom last December 
showed that we are as yet far from agreement as to the 
right solution of the problem of university expansion. 
Sir Patrick Linstead argued cogently that it is 
important at such a time of rapid expansion to consoli- 
date existing institutions rather than found new ones, 
and the argument that proper weight must be given 
to the efficient size of departments and of faculties 
has the more force when it is essential to ensure the 
maximum use of available resources in finance and 
m teaching staff. Sir Patrick considers that a 
university department in subjects which are rapidly 
expanding and sub-dividing should have at least 
150-200 students, and while he does not favour 


NATURE 





April 25, 1959 VOL. 183 


expansion of non-collegiate universities beyond aboyt 
4,500 students, he thinks that an arts faculty should 
contain at least 1,000, a science faculty 600 and g 
faculty of applied science 800 students. 

Sir Patrick believes that the principles he puts 
forward, if applied to the existing universities of 
Britain, including the projected University of Sussex, 
would provide sufficient space for all but 5,000 of 
124,000 students visualized by 1965, and that this 
deficiency could be met by founding one new 
university, for example, at Norwich, and developing 
three or four new faculties of technology at existing 
universities. Prof. E. Devons thinks that the problem 
of size requires rather more study, and like Lord 
Simon in a recent article in the Universities Quarterly, 
leans towards a comparative study of university 
administration and organization, without, however, 
suggesting that a Royal Commission is needed. Lord 
Simon, it is true, suggested that numerous other 
problems, such as the factors determining university 
expansion, the allocation and control of grants by the 
University Grants Committee, the abolition of fees, 
the relations between research and teaching, merit 
independent examination. 

Dr. R. Pedley, however, at the Universities Con- 
ference, favoured the establishment of several new 
universities largely because of the unequal con- 
tribution which a university can make to the quality 
of regional culture, and for this reason visualized 
new universities on Teeside, in mid-Lancashire, 
Coventry and the Home Counties. He also thinks 
that a further 46,000 places will be required by 1965, 
even if only 5 per cent of the pupils in comprehensive 
schools qualify for university entrance. He does not 
believe, moreover, that a scarcity of university 
teachers of high calibre is a sufficient reason for 
denying university education to those who might 
profit by it, and, while urging the desirability of a 
graduate teaching profession, he is prepared to accept 
a higher ratio of students to staff until 1970 than at 
present, provided those students had learned in 
school how to study and how to organize their lives. 

As might have been expected, the Universities 
Conference showed awareness of the need for the 
educational system to be balanced ; but that is very 
far from being fully recognized by Parliament as yet, 
nor has the Government taken any apparent steps 
to secure such a balance, even within whatever limits 
of expenditure it is prepared to propose. The Earl 
of Dundee, in replying for the Government on & 
notable debate on the youth services in the House of 
Lords on February 4, did indeed stress the importance 
of the contribution which the varied institutions of 
further education, including many voluntary bodies, 
have to make to the preservation of the permanent 
values in human character on which the stability of 
our way of life so largely depends. Unless such 
virtues as discipline and unselfishness, patriotism 
and loyalty and true religion are actively fostered, 
the best literary and scientific education in the 
world will not preserve the soul of a great country, 
and scientific progress and material achievement may 
come to naught. 
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The problems of educational expansion are indeed 
complex and varied, but it is not difficult to discern 
the correct priorities at any moment, though those 
priorities will themselves change from time to time. 
What is of first importance at present is that policy 
should be determined not by political doctrine but 
py educational needs and experience. There is 
indeed much that is common ground between the 
major political parties, and ample room for experi- 
ment without disturbing the functioning of existing 
institutions by introducing political uncertainty. An 
all-party approach would likewise assist to make 
available the greater resources Britain clearly needs 
to allocate to education, and to secure the most 
effective distribution of those resources. The task at 
any level is too immense for us to look for success 
except by co-operation on a much greater scale than 
in the past, and to promote the appropriate atmo- 
sphere of co-operation is a first duty of every 
responsible citizen. In such an atmosphere it will be 
the easier to resolve wisely the inevitable clashes 
between sectional and national views, and to secure 
the agreement to allocate special effort or resources 
at whatever point, such as the training of teachers of 
science, the improvement of school laboratories, or 
the expansion of technical colleges, that may at the 
moment be most needed, or to take the less spec- 
tacular measures designed to avoid waste of talent 
and resources and ensure that the country gets full 
value from its mounting expenditure on education. 


SOCIAL POLICIES AND SOCIAL 
CHANGE 


Essays on ‘The Welfare State’ 
By Prof. Richard M. Titmuss. Pp. 232. (London: 
George Allen and Unwin, Ltd., 1958.) 20s. net. 

N the course of the first of this series of essays 

Prof. R. M. Titmuss comments that it was char- 
acteristic of Prof. R. H. Tawney that he constantly 
reminded his students that “the most important 
thing about a man is what he takes for granted”. It 
is equally characteristic of Prof. Titmuss that he 
makes it impossible for his readers to go on taking 
for granted those presuppositions about social 
policies and institutions which are all too easily 
accepted and acted upon by so many people. Whether 
he is writing about the differing provisions made for 
income maintenance in old age, about the position 
of women in modern society, about medical care under 
the National Health Service, he is careful to examine 
the relevant data afresh, often bringing to light new 
or little-known information in the process. The 
resultant discussions are always stimulating and 
illuminating. Sometimes they are disconcertingly so, 
and whether we accept his final conclusions or no, 
Prof. Titmuss certainly challenges us to think again 
about the subjects under discussion. 

The topics covered in this collection of essays are 
vatied and at first sight disparate, but, as is pointed 
cut on the fly-leaf, two broad themes unite them— 
thanges in social structure and developments in 
‘otial policy, and it is one of the chief merits of Prof. 
‘tmuss’s whole approach that he relates the two 
processes in a way seldom attempted either by 
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academic sociologists or students and practitioners of 
social administration. For example, pension policies 
are considered in the context of population change, 
and current problems and practices of the National 
Health Service are related both to the scientific 
revolution in medicine which began in the late 1930's 
and to the psychological and social factors affecting 
the individual’s and society’s attitude towards health, 
disease and medical care. The relationship between 
institutions and policies is similarly emphasized in 
those essays which take as their starting point a 
social institution. For example, in the essay on 
“Industrialization and the Family”, Prof. Titmuss 
shows that, on one hand, problems of human relations 
in industry cannot be solved within industry itself, 
and on the other, that the family does not function 
in a social vacuum. Rather is it profoundly affected 
by the forces of industrialization, and in this context 
we can see the social services in “a variety of stabil- 
izing, preventive and protective roles’’. 

Not only do these essays differ in subject-matter, 
they are based on lectures given at different times 
and places to audiences of different background and 
outlook. The first was delivered in 1951 at the 
London School of Economics, whereas those on the 
National Health Service were addressed to an 
American audience at Yale in 1957. This does not 
destroy the underlying unity, but it does mean that 
each essay is more or less self-contained, and the 
book as a whole, valuable and stimulating as it is, is 
but @ foreshadowing of what Prof. Titmuss might 
achieve had he the leisure and opportunity to produce 
@ major work dealing with the broader aspects of 
social policy, to the study of which he brings such 
depth of insight and breadth of vision. M. P. Hany 


THE QUINTESSENCE OF 
PARACELSUS 
Paracelsus 


An Introduction to Philosophical Medicine in the Era 
of the Renaissance. By Walter Pagel. Pp. xii+368. 
(Basel and New York: S. Karger, 1958.) 70 Swiss 


francs. 


| pene no other figure in the history of 
medicine and science offers greater difficulties 
to our understanding than Paracelsus. Probably none 
of the numerous books on Paracelsus is more helpful 
in forming an objective and clear appreciation of 
Paracelsus than this new book by Dr. Pagel. 

The author achieves this goal by concentrating on 
the philosophy of Paracelsus, which sees cosmology, 
theology, natural philosophy and medicine in the 
light of analogies and correspondences between the 
macrocosm and the microcosm, man. Naturalism is 
with Paracelsus the search for divine signs. He is, 
therefore, with all his protoscientific ideas and 
achievements, not a scientist in the modern sense, 

The author analyses in detail the Paracelsian 
concepts of ‘experience’, astrology, time, the elements, 
the famous three principles (sulphur, salt, mercury) 
and quintessence. There is a certain contradiction 
between the microcosmic dilution of man and the 
idea of specificity, equally important to Paracelsus, 
and embodied in the archeus or archei. ‘Imagination’ 
provides man with great spiritual power. 

The medicine of Paracelsus is but an application 
of these general ideas. Paracelsus regarded diseases as 
specific fruits of the human body in the same fashion 
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in which the metals were specific fruits of the earth. 
In spite of his chemical pathology Paracelsus tends 
toward localizing disease on his firmament of organs. 
But disease is essentially the result of an extraneous 
force, an invader, a seed. This specific agent has to be 
treated etiologically by specific remedies (ancient 
therapy was non-specific), which are often chemicals. 
Paracelsus paid particular attention to diseases due 
to tartar, fought the doctrine of catarrh, and devel- 
oped a new theory of plague. He began to replace 
medieval uroscopy by quantitative and chemical 
analysis of urine. The author gives a long list of his 
practical achievements in medicine, always com- 
bined with wild speculations (antiseptic principles, 
syphilis, mercury as a diuretic, hydrotelluric theory 
of goitre, balneology, miners’ diseases). 

Dr. Pagel then analyses with wonderful scholarship 
and great penetration the sources of Paracelsus : 
gnosticism, the Cabbala, neoplatonism, Avicebron, 
Ramon, Lull, Arnuld of Villanova, the alchemists 
John de Rupescissa, _Reuchlin, and Agrippa of 
Nettesheym. He also discusses in detail Paracelsus’s 
great critic, Erastus, and his moderate defender, 
Daniel Sennert. 

Paracelsus was, according to the author, an able 
chemist, and his medicine has elements of what was 
to become modern medicine, But his chemistry and his 
medicine were but parts of his symbolistic, decidedly 
unscientific cosmology and philosophy. He produced 
scientific results from a non-scientific world of motives 
and thoughts. He offered little which in principle 
cannot be found with his medieval predecessors, but 
he integrated all these elements into a new doctrine 
of medicine and natural philosophy. Without Para- 
celsus there would have been no iatrochemistry. 
He was a ‘Magus’ who forged a new synthesis 
from personal experience. 

I do not hesitate to rate this book as the most 
valuable in the whole extensive literature on Para- 
celsus from the point of documentation as well as 
judgment. It is a high point in the author’s long 
and distinguished career as a medical historian, 
which began with his work on van Helmont in the 
late 1920's and continued the great accomplishments 
of his father, Julius Pagel. It avoids equally the 
nebulous enthusiasm and the embittered hostility 
encountered so often in writings on Paracelsus. 
Dr. Pagel unites an unqualified attachment to modern 
science with a profound feeling for and understanding 
of mystic and magic philosophy. This rare combina- 
tion enables him to be just and to give us the quintes- 
sence of Paracelsus. |§ Erwin H. ACKERKNECHT 


MEDICINE IN INDUSTRY 


Industrial Hygiene and Toxicology 
Edited by Frank A. Patty. Vol. 1: General Prin- 
ciples. Second, revised edition. Pp. xxvii +830. 
(New York : Interscience Publishers, Inc. ; London : 


Interscience Publishers, Ltd., 1958.) 17.50 dollars. 


rT HE first edition of Patty’s “Industrial Hygiene 


and Toxicology’’ was published in 1948 in two 
volumes. The second edition is to be in three volumes, 
of which the first is now ready. It is not possible to 
assess the whole work until it finally appears, but, 
avcording to the preface to the second edition, much 
of the new matter has been placed in the first volume. 
The main changes are to be found in the treatment of 
such subjects as noise, heat, ionizing radiations, 
human engineering and industrial safety, sanitation, 
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air pollution and illumination. Additional chapters 
on air conditioning, air cleaning, and heat contro] jp 
the hot industries are included, as well as separate 
chapters on illumination and industrial sanitation, 
Dr. O. A. Sander contributes a revised chapter on the 
pulmonary dust diseases, Dr. L. Schwartz and 
Dr. Carey McCord bring up to date their chapters on 
the industrial dermatoses and the visible marks of 
occupation, respectively. The editor, Mr. Frank Patty, 
is responsible for four chapters on such subjects as 
the industrial hygiene survey, the mode of entry and 
action of toxic materials and sampling and analysis 
of atmospheric contaminants, in addition to his 
introductory chapter on industrial hygiene. This 
chapter calls for some comment, because Mr. Patty 
seems to have the idea that analyses of the contam. 
inants of factory atmospheres did not begin in Great 
Britain until the formation of the Occupational 
Hygiene Society in April 1953, and that until) that 
date medical control and not engineering control of 
health risks had been used. The fact is that both 
methods of control have been used in Great Britain 
for many years. Nevertheless, industrial or occupa. 
tional hygiene is a rapidly developing subject, and the 
industrial health engineer is a new importation from 
the United States. 

The first edition of Mr, Patty’s book was an 
ambitious, but rather uneven, attempt to bring all the 
facets of industrial hygiene within the 3ame close and 
curtilage. It showed that the industrial health 
engineer has the freedom of engineering, chemistry, 
physics, biology, physiology and medicine, and speaks 
with equal authority on all of them. In this age of 
super-specialization, the health engineer is therefore 
& refreshing phenomenon. The engineer who writes 
with authority on clinical medicine and hzematology, 
without the benefit of a medical training, is to be 
congratulated on his courage. No doctor with 
experience of industry has yet been bold enough to 
write and edit a book on engineering. But that state 
of affairs may yet arise, because the industrial doctor 
in Britain is obliged to make himself familiar 
with the intimate details of factory processes, and 
with the estimations of contaminants in the atmo- 
sphere and its engineering control. In the United 
States it is rare for the plant doctor to deal with such 
matters, which are left to the health engineer, or 
industrial hygienist. It seems to us in Britain 
that the American version of the health engineer is 
probably taking on too much responsibility for health 
matters. No doubt in the course of time the industrial 
hygienist will find his proper place. Mr. Patty himself 
shows that the position in the States is being slowly 
modified. “Industrial hygiene,’ he writes, “has 
successfully withstood abortive efforts at absorption 
by both safety engineering and medicine. It borders 
on each of those fields, but differs in technique from 
both, and one of its primary functions is to get these 
two groups to work hand in hand.” He has little 
doubt that regular and more frequent medical exam- 
inations are a desirable way of discovering dangerous 
exposures, especially in the absence of competent 
industrial hygiene engineering and control ; and he 
affirms that when the two methods are properly 
co-ordinated, the most dependable safeguard against 
harmful exposures is provided. He has yet to reach 
the logical conclusion that the major responsibility for 
health matters in industry rests with the medical 
profession, assisted, as it should be, by capable and 
knowledgeable industrial hygienists. 

A 


. i. G. McLavucsin 
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RADIOACTIVE ISOTOPES IN 
BIOCHEMISTRY 


Radioaktive Isotope in der Biochemie 

Yon Prof. Engelbert Broda. (Einzeldarstellungen aus 
dem Gesamtgebiet der Biochemie, Neue Folge, 
Band 3.) Pp. viii+326. (Wien: Verlag Franz 
Deuticke, 1958.) 294 schillings. 


EW techniques have had a more widespread or 

profound influence on modern biochemistry than 
the application of isotopes. Although the first experi- 
ments were carried out by Hevesy more than thirty- 
five years ago, many isotopes have been available for 
a much shorter time and the use of isotopes in bio- 
chemica) research has increased remarkably in the past 
fifteen years, as shown in an instructive table in this 
book. During the same period there have been con- 
siderable improvements in the instruments required for 
radioactive tracer work and there is thus sufficient 
scope for a new book, despite the existence of several 
well-established works. 

Prof. E. Broda of the University of Vienna has 
written a book which is intended to serve both as an 
introduction to the methods used in work with 
radioactive isotopes and as an outline of the major 
biochemical problems in which isotopes have been 
particularly useful. Thus, the first eight chapters of 
the book deal with the production of isotopes, the 
synthesis and biosynthesis of labelled compounds, 
the hazards involved in work with radioactive sub- 
stances, precautionary and protective measures, 
and the measurement of radioactivity. The treatment 
is concise, easily intelligible and useful for those 
interested mainly in acquiring sufficient knowledge 
for applying radioisotopes to their own problems. 

The next two chapters deal with analytical appli- 
eations, such as the isotope dilution method, and with 
metabolic pools and turnover. Finally, there are 
five chapters on main problems (phosphorylation, 
photosynthesis, carbon dioxide fixation, the meta- 
bolism of carbohydrate, fat, protein and nucleic 
acids, the citric acid cycle, purine and pyrimidine 
biosynthesis) and one on special problems of metabolism 
(immunological problems, the biosynthesis of porphy- 
Tins, cholesterol and lignin). This last chapter also 
contains a very brief (five pages) and somewhat 
inadequate section on the metabolism of biologically 
ative compounds such as vitamins, drugs and 
carcinogens. 

Although the book has been deliberately restricted 
radioactive isotopes, stable isotopes are fortunately 
not completely neglected. For example, double 
intamolecular labelling with deuterium and carbon- 
lis briefly mentioned (p. 31) and the importance of 
je stable isotope nitrogen-15 is indicated on pp. 
223-29. The only notable omission is the application 
of isotopes, both stable and radioactive, to studies of 
the mechanism of enzymic reactions, 

The book is well produced and there are very few 
"rors. In some cases, however, there are slightly mis- 
leading statements, as for example on p. 16 where it 
's suggested that oxygen exchanges between the two 
positions of a carboxyl group, which are, of course, 
equivalent because of the symmetry of the carboxylic 
‘non. It is a little surprising to read that the basic 
wtline of protein synthesis is still completely un- 

y (p. 216) and that carboxyl activation of 
ano-acids is regarded as merely probable (p. 221), 
“80 On p. 221 there is some confusion between trans- 
Peptidation and de novo peptide bond synthesis. But 
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these are perhaps only minor matters in a book 
primarily concerned with isotopes. 

The literature references are remarkably up to 
date, many of them being to publications which 
appeared in 1957. It is to be hoped that an English 
translation of this useful book will be forthcoming. 


H. R. V. ARNSTEIN 


NUCLEAR ENGINEERING 
MONOGRAPHS 


Nuclear Engineering Monographs 
No, I, Elementary Nuclear Physics. By W. K. 
Mansfield. Pp. viii+60. 10s. 6d. net. No. 2, Nuclear 
Reactor Theory. By J. J. Syrett. Pp. viii+80. 
12s. 6d. net. No. 3, Reactor Heat Transfer. By 
W. B. Hall. Pp. viii+68. 10s. 6d. net. No. 4, 
Nuclear Reactor Shielding. By J. R. Harrison. Pp. 
vili+68. 10s. 6d. net. No. 5, Nuclear Reactor 
Control and Instrumentation. By J. H. Bowen and 
E. F. O. Masters. Pp. x+78. 128. 6d, net. No, 6, 
Steam Cycles for Nuclear Power Plant. By W. R. 
Wootton. Pp. vii+66. 10s. 6d. net. (London: 
Temple Press, Ltd., 1958.) 
To. first three books in this excellent series were 
published about a year ago, and the final three 
quite recently. The six fall into two classes: Nos. 1, 
2 and 4 provide summaries of matter which is readily 
available in greater detail elsewhere ; and Nos. 3, 5 
and 6 provide summaries of matter either not pre- 
viously published or else dispersed rather widely. 

There is general agreement that nuclear engin- 
eering is more appropriately studied at postgraduate 
level. However, nuclear physics is a useful subject 
for inclusion in the final year of undergraduate 
syllabuses and many universities provide this type 
of course. Advanced physics text-books are in- 
appropriate at this stage, but the first monograph 
dealing with the modern concept of the atom, radio- 
activity, nuclear reactions and the detection of 
nuclear radiations is at a suitable level. 

A physicist or engineer dealing in great detail with 
reactor physics might prefer to by-pass the mono- 
graph on reactor theory and work directly on the 
more comprehensive standard texts. The design of 
a reactor core is essentially a compromise of many 
conflicting criteria and a large number of engineering 
designers need to know the form in which the 
physicist does his calculations and the probable 
significance of changes in core geometry. Mr. Syrett’s 
concisely written book outlines the framework of 
this important subject, and the text is sufficiently 
brief to assist in absorbing the principles, Even when 
reading the more detailed text-books it is useful to 
have the monograph to hand to show the way through 
what might otherwise appear a very complex analysis. 
The monograph deals with the slowing down and 
diffusion of neutrons, lattice calculations and the 
calculation of critical size. The chapter on ‘‘Reactor 
Operation at Power” is a particularly good intro- 
duction to the subject. 

The third monograph in the first class mentioned 
above is that on reactor shielding. The author 
introduces his book by saying that a great deal of 
experimental and theoretical work is being under- 
taken on the subject of shielding and that ‘art’ is 
being replaced by science. ; Existing texts on the 
subject are bulky and contain masses of data, The 


monograph is welcomed as providing a guide to the 
important considerations ; it is divided into three 
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main sections, the first dealing with gamma-rays and 


their attenuation, the second with the neutron 
physics relevant to shield design, and the third with 
practical shield design. 

The first monograph in the second group is that 
on heat transfer. Little had been published on 
reactor core heat transfer in Britain prior to the 
1958 Geneva conference. This book is divided into 
two sections, and most experimenters will be sym- 
pathetic in the method of splitting as between funda- 
mental work and work of immediate practical 
application. The heat-transfer specialist in nuclear 
power has the twin function of testing fuel-element 
cans under simulated reactor conditions to give 
exact design figures, and of carrying out inspired 
research work to provide the answers for subsequent 
stages in reactor development. The chapter on 
fundamentals sets out in a concise form the analytical 
approach, and describes the various analogies between 
heat and momentum transfer. The second chapter 
derives the usual design formule for channel heat 
transfer and pressure drop and ends with a com- 
parison of gaseous coolants and a worked example. 
The final chapter considers such topics as liquid- 
metal heat transfer, fin efficiency and a comparison 
between liquid and gaseous coolants. 

The monograph on reactor control and instru- 
mentation is welcomed as providing a basis for later, 
more detailed, texts on these subjects. The incident 
at Windscale emphasized the need for comprehensive 
instrumentation in present reactor designs, and the 
lecture by Sir John Cockcroft in Tokyo last November 
mentioned two phenomena, positive moderator tem- 
perature coefficient and disturbances in the power 
distribution in a reactor due to local changes in 
xenon poisoning, with which the designers of the 
current stations have to cope. The present mono- 
graph must suffice until nearer the commissioning 
times of the Central Electricity Generating Board 
and the South of Scotland Electricity Board stations. 
The subject of control is a complex one ranging from 
neutron kinetics to the thermal response of a steam- 
raising unit, The monograph deals with neutron 
kinetics conventionally. The following chapter on 
temperature-stabilized reactors is important. As the 
authors mention, this type of analysis would in prac- 
tice be carried out using an analogue computor. The 
numerical and graphical methods described do, how- 
ever, show the trends. In later editions of these mono- 
graphs, the final chapter of this book on instrument- 
ation might well prove the basis for a seventh mono- 
graph, and then include health physics instrumentation. 

The monograph on steam cycles consists of two 
main sections, one dealing with graphite-moderated, 
gas-cooled reactors, and the other with water-cooled, 
water-moderated reactors. It is worth remembering 
that the dual pressure cycle for the former type of 
reactor was first suggested in 1948. Since that time 
considerable effort has been expended in dealing with 
the number of variables involved. The essential 
tools are given in the appendixes, but the work 
involved is laborious. It is to be regretted that 
some co-operative effort was not made years ago to 
publish comprehensive graphs of the form given in 
this book, The section on water-cooled reactors deals 
with both pressurized-water and boiling-water types, 
and includes a short section on the use of a coal-, 
cil- or gas-fired superheater. 

The editor of this series is to be congratulated in 
providing & number of stimulating monographs, 

R. Vaux 
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LOW TEMPERATURES 


Low Temperature Physics and Chemistry 
Proceedings of the Fifth International Conference on 
Low Temperature Physics and Chemistry held at the 
University of Wisconsin, Madison, Wisconsin, A: 
26-31, 1957. Edited by Joseph R. Dillinger. 
xxv +676. (Madison, Wis.: University of Wisconsin 
Press, 1958.) 6 dollars. 

Kaltetechnik 

Von Prof. Matts Backstrém. Zweite iiberarbeitete 
Aufiage. Bearbeitet und ins Deutsche ubertragen 
von Dr.-Ing. Eduard Emblik. Pp. xvi+65¢ 
(Karlsruhe: Verlag G. Braun; London: K. @ 
Heyden and Co., Ltd., 1957.) 56 .D.M.; 98. 


} grbdeotmnsceedege conferences on the progress of 
low-temperature physics are held bi-annually. The 
book, published by the University of Wisconsin Pregs 
and edited by Dr. J. R. Dillinger, contains the reports 
of such a conference held in Madison, Wisconsin, in 
1957. The reports were furnished by the speakers pt 
since it was Originally intended to bring out a simple 
stencilled version quickly, the figures are in many 
cases rough diagrams. Altogether, more than two 
hundred reports from all branches of low-temperature 
research are presented, and it is, of course, quite 
impossible to give even a rough survey of the contents, 

The previous low-temperature conference was held 
in Paris in 1955 and much of the work reported in 
Wisconsin is necessarily a continuation of research 
discussed at the Paris meeting. There were a number 
of new developments in the field of nuclear orienta- 
tion. The most outstanding of these are the experi- 
ments on the anisotropy of beta emission which 
provided the proof of the non-conservation of parity 
postulated by Yang and Lee. Another paper reported 
the successful orientation of nuclei by the method 
suggested by Pound in which use is made of the 
coupling between the lattice electric field and the 
nuclear quadrupole moment. It is unfortunate that a 
special lecture by Dr. N. Kurti on nuclear cooling has 
been published separately and is not included in the 
book. 

An important advance in the theory of super- 
conductivity was made by Bardeen, Cooper and 
Schrieffer, and a number of papers were read on 
experimental confirmations of this work. In par- 
ticular the work on absorption of radiation at wave- 
lengths between 0-1 and 1 mm. and that on the 
change of ultrasonic attenuation when a metal 
becomes superconductive deserve mention. The 
first reports were also submitted on a practical 
application of superconductivity which may lead to 
far-reaching developments. This is the use of super- 
conductive switching elements in computors and in 
memory devices. 

A certain amount of new information on liquid 
helium and especially on the behaviour of the light 
isotope is noted. Interesting advances have been 
made in the cryogenic use of the latter and it was 
regretted that Soviet scientists, who have done 
much work in this field, had not been able to 
attend. 

Dr. Backstrém’s book is a translation into German 
of the Swedish original. It deals with a great many 
aspects of refrigeration technique, mainly in the range 
of interest for food storage. It is not a text-book 
but rather an information manual which will be of 
interest to those specializing in this field. 

K. MENDELSSOHN 
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The Measurement of Soil Properties in the Triaxial 
Test 
By Dr. Alan W. Bishop and D. J. Henkel. Pp. 
vii+190. (London: Edward Arnold (Publishers), 
Ltd., 1957.) 70s. net. 
HE Department of Soil Mechanics in the Imperial 
College of Science and Technology, London, has 
a standing in teaching and research second to none 
among schools of soil mechanics, and its students are 
drawn from all over the world. This is at once an 
assurance that the training given is valued and widely 
disseminated. Dr. A. W. Bishop is reader and 
Mr. D. J. Henkel lecturer in this Department, and to 
read their book is to be taken with firm direction 
through @ course of instruction in their own labora- 
tory; to be taught sufficient about the application of 
triaxial tests to appreciate their significance, and 
much of the art of making the tests and keeping them 
meaningful. The authors tell us they do not intend 
their book as a manual, presumably because they have 
limited themselves to describing the methods and 
theories which have been developed at the Imperial 
College, but though it may not be a manual, there is 
no doubt that for many readers it will form an 
alequate text-book. Its four parts deal with the 
practical application of test data ; the detailed con- 
struction of apparatus ; the standard tests for which 
the apparatus is intended, and various special tests 
for which it may be used. : 
The ground is covered thoroughly, and where points 
of theory or application are not presented, the 
relevant references to the literature are given. 


Particularly welcome are the sections concerning the 
determination of the pore pressure parameters A and 
B, which form the basis of the concept of shear 
strength introduced by Skempton and Bishop in 
1954, The book is well produced and contains many 
diagrams, detailed drawings and photographs of 
apparatus. Soil-mechanics engineers will welcome 
it as a work of reference, but its price will cause a 
student to debate the need for adding it to his own 
bookshelf. THOMAS WHITAKER 


Clinical Haematology in Medical Practice} 

By G.C. de Gruchy. Pp. xii+620. (Oxford: Black- 
well Scientific Publications ; Springfield, Ill. : Charles 
(. Thomas, 1958.) 50s. net. 


K the best organized institutions the physician 
and hematologist work in close collaboration. 
The hematologist must know enough about the 
clinical state of the patient to know which tests are 
appropriate, and the physician must know enough 
about hematology to be able to interpret the results. 
Dr. de Gruchy’s book provides just this information. 
It gives an accurate balanced account of hemato- 
logical disorders with enough clinical details to en- 
lighten the hematologist and enough about the 
interpretation of technique for the physician. It 
would be very easy for such a book to become 
tuwieldy, but Dr. de Gruchy has avoided this by the 
total omission of technical detail and the free use of 
tabulation. The presentation is somewhat dogmatic 
and it is this which makes the book so easy to read. 
Bit, of course, it is never possible to be dogmatic 
and agree with all workers on every subject. For 
example, it is probable that workers with experience 
in the surgical treatment of hemophilic patients 
would not consider that a transfusion of 20 ml. of 
ireh plasma per kgn:. body-weight would be likely to 


control bleeding. However, such details are really 


NATURE 


1151 


irrelevant ; anyone wishing to undertake some very 
specialized treatment would naturally consult original 
papers on the subject and would not rely exclusively 
on a book, the main object of which is the general 
education of physicians and clinical pathologists. 


R. Biaes 
Clinical Enzymology 
Edited by Dr. Gustav J. Martin. Pp. vii+24l. 
(London: J. and A. Churchill, Ltd., 1958.) 42s. 
net, 


LTHOUGH clinical enzymology is not a new 
A sphere of activity in medical science it is a 
subject that has been greatly fostered by the purifica- 
tion and crystallization of enzymes during recent 
years. From this has come a realization that enzymes 
can be usefully administered parenterally in many 
instances. This book begins with a discussion of 
protein biology and the chemistry and biochemistry 
of enzymes which are of clinical value. The diagnostic 
use and the therapeutic action of enzymes are also 
considered and the book concludes with a discussion 
of future possibilities. The parenteral administration 
of trypsin in particular has been of value in the 
treatment of conditions involving intravascular 
clotting, in the treatment of infected wounds, and in 
a wide range of infections generally. On the whole, 
the anti-inflammatory action of the enzyme is the 
most striking. Other enzymes which have been used 
parenterally include streptokinase, deoxyribo- 
nuclease, hyaluronidase, and cholinesterase, but for 
the value of the use of most of these by parenteral 
administration only fragmentary evidence exists. It 
ean be said without hesitation, however, that the 
medical use of parenteral enzymes is bound to grow 


and there is no doubt that clinical enzymology has 
come to stay. F. G. Youne 


Scientific and Learned Societies of Great Britain 


A Handbook compiled from Official Sources. 59th 


edition. Pp. 215. (London: George Allen and 
Unwin, Ltd., 1958.) 35s, net. 


HIS book, the third of its kind, derives from the 

“Yearbook of Scientific and Learned Societies’’, 
which ceased publication in 1939 after appearing 
almost continuously for more than fifty years. It is 
now edited by the British Council. 

The greater part of the book consists of a list of 
nearly @ thousand societies, ranging from the Royal 
Society down to the small local natural history 
societies, grouped under sixteen headings. Par- 
ticulars of the objects, membership, meetings, pub- 
lications, museum and library of each society are 
given. Some of the entries are of societies not 
strictly scientific, but inclusion is no doubt prefer- 
able to omission in compilations of this sort. The 
criterion is, in general, whether a society gives 
educational facilities to its members, or publishes 
origina) work. 

There is also a list of the principal organizations 
conducting officially sponsored research, and a select 
bibliography on the organization of scientific research 
in Great Britain. In the former, universities, tech- 
nical colleges and laboratories attached to com- 
mercial firms are, of course, not included; but 
neither are the industrial research organizations. 
These are officially sponsored since they receive 
Department of Scientific and Industrial Research 
grants, and they might usefully be brought into 


future editions. 
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BIOSYNTHESIS AND CONSTITUTION OF LIGNIN® 


By Pror. KARL FREUDENBERG 
University of Heidelberg 


EARLY forty years ago, by studying the kinetics 

of the degradation of cellulose, I obtained 
evidence that there exists a clear order in the large 
cellulose molecule, one glucose unit being bound to 
the next in the same way as in cellobiose*. This con- 
cept of a uniform chain, which was later adopted by 
H. Staudinger and W. N. Haworth, encouraged me to 
attack lignin, the other major wood constituent. 

The problem was to decide whether lignin is a sort 
of molecular ‘compost heap’, or whether, like cellulose, 
it possesses an orderly structure. The second 
possibility was preferred as a working hypothesis. 

However, lignin is a condensed system which cannot 
be hydrolysed, and the units from which it is built, 
though of similar types, are not identical. Analytical 
efforts to elucidate the lignin structure made but slow 
progress. It contains methoxyl‘, hydroxyl, and 
ether® groups, and can give 30 per cent of the theoreti- 
cal yield of vanillin*. Formaldehyde’ and iso-hemi- 
pinic acid (3-carboxy-4,5-dimethoxybenzoic acid)*® 
are other products of degradation, and Hibbert® 
isolated a small amount of ketones by alcoholysis. 
In 1935, Holmberg” discovered that phenylearbinol 
groups and their ethers are involved in the sulphite 
pulping process, and the Swedish school elucidated the 
specific nature of the phenylcarbinols responsible 
for this important reaction. Among these ethers are 
phenyl-coumarans, which had been proposed as 
constituents of lignin. Despite these discoveries, 
it still remains impossible to construct a constitutional 
scheme for lignin from purely analytical information. 

In 1875, Tiemann in Berlin cleared up the constitu- 
tion of the glucoside coniferin (I) which is present in 
the cambium sap of conifers during the period of 
vegetation. In deciduous trees coniferin is found 
together with syringin. The present discussion is 
confined to coniferous wood. 

Tiemann suggested that lignin and coniferin are 
related genetically’*, and this idea was used by 
Klason” throughout his work on lignin chemistry. 
H. Erdtman" showed that the product obtained many 
years ago by two French workers"*, who oxidized 
isoeugenol by means of mushroom oxidases, was in 
fact a phenylcoumaran similar in kind to that claimed 
to occur in lignin. This oxidation reaction provided 
a model for the formation of lignin, and in 1933 
Erdtman™ pointed out that lignin might be a dehydro- 
genation product of guaiacyl-propane derivatives 
with an oxidized side-chain. 


H,COH 
l (1) Rand R, = H: coniferyl alcohol 
‘ 
on (II) R = C.H,,0,; R, = H: coniferin 
HC 


(III) R = H, R, = OCH, : sinapinic alcohol 


! 
| 


a (IV) R = C,H,,0,; R, = OCH, : syringin 
BR, Jocx, 


br 


* Substance of a lecture given in the University of Cambridge on 
January 12. For a recent survey of work on lignin, see refs. 1 and 2. 





Fig. 1. Cross-section through a spruce sapling after administration 
of D-coniferin-f-* 


During the past eight years we have been studying 
the biosynthesis of lignin by the method of intro- 
ducing various radioactive substances into spruce 
saplings. The needles of a small side twig are trimmed 
down, and the twig is allowed to suck up a solution 
containing the tracer’*. It is found, when using 
radioactive p-coniferin, that the radioactivity is 
fixed within a few days in the region around the 
point of attachment of the branch, and radioactive 
lignin is obtained (Fig. 1). Afterwards, normal cells 
grow over the radioactive ones. Using L-coniferin, 
prepared from .-glucose and radioactive coniferyl 
alcohol, no radioactive lignin is obtained’*. When 
radioactive phenylalanine is introduced, it is trans- 
formed into radioactive coniferin!?, which can be 
isolated from the plant after one or two days. After 
a further few days, we find once again that the radio- 
activity is fixed in that zone of cells which is in the 
process of lignification at the time of the experiment. 
It is astonishing how quickly the transformation 
of the phenylalanine into coniferyl alcohol, and the 
conversion of the latter to its glucoside, take place. 
Thus, conifery] alcohol is derived from an acid of the 
C,C, group, precursors of which are shikimic and 
prephenic acids. 

We have, therefore, at our disposal ordinary natural 
lignin isolated from wood, lignin produced in the 
tree in the presence of radioactive coniferin, and lignin 
similarly formed in the presence of phenylalanine. 
Both coniferin and phenylalanine can be labelled at 
different carbon atoms. a 

But there is also a way of preparing lignin 1m viiro. 
If air is bubbled through a very dilute aqueous solu- 
tion (less than 0-5 per cent) of coniferyl alcohol in the 
presence of mushroom laccase, at 20° C. and pH 55- 
6-5, a light grey-brown precipitate is formed. Depend- 
ing on the enzyme concentration, the time required 
may be minutes or hours. The precipitate accounts 
for 80-90 per cent of the coniferyl alcohol used. From 
it some substances of low molecular weight can be 
extracted by butanol at ordinary temperatures, and 
the residue is biosynthetic lignin produced by enzy- 
matic dehydrogenation of coniferyl alcohol. Cam- 
bium laccase can be used instead of mushroom 
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laccase’®, and the biosynthesis can also be effected 
by means of horse-radish peroxidase and very dilute 
hydrogen peroxide solution’*. Radioactive conifery] 
alcohol labelled at different carbon atoms can also 
be used for these im vitro experiments. 
Our array of lignin preparations suitable for ; 
examination is therefore increased by these biosyn- it eS ae: 
thetic products. Extensive comparison, both physical \ 
and chemical, of the best biosynthetic and natural C\Qa AKG 
‘min preparations leads to the conclusion that the { 
- antical in their properties®17.20,21, Pisin diva OO QO OQ CO 
degradation products from both were either radio- (Idd alc 
active or not, depending on the site of the labelled 
atoms in the monomeric tracer. The molecular = 
weight in both cases was of the order of 10,000. Details 
may be seen in publications of the Heidelberg school. » 
The middle part of Fig. 2 represents a cross-section 
through the cambium of spruce wood ; the cambium 
cells can be recognized by the nuclei which have been 
included. On the inner side of the cambium on the l 
right, the delicate, newly formed cells are converted Fig. 2. Cross-section (schematic) through spruce cambium. 
gadually into mature wood, while on the left they Middle part unaltered, bottom part treated with phloroglucinol 
form bark. When the cell walls have become quite hydrochloride, top part treated with indican 
thick, wood formation is ended. The lower -part of 
z Fig. 2 shows a section which has been stained with oxidase into lignin. Natural lignin and lignin formed 
tion § phloroglucinol and hydrochloric acid. The lignin is in vitro are identical. It is thus proved conclusively 
coloured a deep red, and is indicated by dark portions that spruce lignin is a C,C; substance of the guaiacyl 
ying |" the drawing. During the vegetative period the type, but the details of its constitution remain just as 
: tissues of the cambium and adjacent cells contain obscure as ever. 
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ruce § ge amounts of the glucoside coniferin. Laccase and, However, there is one more way of approaching this 
ei od toasmaller extent, peroxidase, are also present inthe question. As is mentioned above, the crude bio- 

2 cellsap’®*. But these enzymes cannot attack coniferin; synthetic lignin contains substances of relatively low 


a they ean only build up lignin from coniferyl alcohol. molecular weight. If lignin formation is interrupted 
8 F this led to the conclusion that a B-glucosidase must at a certain stage, namely, when all the coniferyl 


y A Ei also be present in the tissue, but we were unable to alcoho] has been used up and only very little lignin 





Poe extract it. We therefore used a dilute solution of the has been formed, a large amount of these intermediates 
cells | Yuthetic glucoside, indican, which can be split by of low molecular weight is obtained. The inter- 
erin,  2ucosidase into glucose and indoxyl. Indoxyl on mediates of the in vitro preparation form the vital 
feryl exposure to the air is oxidized to indigo. (M. W. key to the in vivo processes of _lignin synthesis. 
Then § Deijerinck** used a somewhat similar method with the So far, the following intermediates have been 
ans. | *P Of Isatis tinctoria to indicate the location of isolated***?: 

1 be & musin in almond sections.) In our case the blue (A) dehydro-diconifery] alcohol (V); approximate 
\fter fp “lour of indigo develops rapidly between the fresh amount 20 per cent of the original amount of conifery] 
dio. “ls and the mature wood (upper part of Fig..2)?*. alcohol ; (B) pu-pinoresinol (VI) ; about 20 per cent ; 


the Here are the very cells in which lignification is taking (C@) guaiacylglycerol-6-coniferyl ether (VII); about 
place. The prediction of the 
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30 per cent or more; (D) conifery] aldehyde (1 per 
cent); (HZ) the aldehyde of V (4 per cent); (F) the 
aldehyde of VII (3 per cent); (@) dehydro-dipino- 
resinol (4 per cent) ; (H) guaiacylglycerol-diconiferyl 
diether (VIII); 15 per cent. A further product (J) 
is guaiacyl-glycerol-B-coniferyl-y-dehydro-diconifery]- 
diether, corresponding to (VIII). The yield of each 
substance has its individual maximum at a different 
stage of formation of lignin. Addition of the percent- 
ages quoted above would be misleading. 

Other intermediates are still under investigation. 
The substances A, B and C are the major con- 
stituents of the mixture; HEH, F, G and other 
products are derived from these three; G is a 
diphenyl derivative, built up of two molecules 
of (VI), minus two hydrogen atoms. In addition 
to these substances, the presence of many others, 
the total quantity of which is small, can be demon- 
strated by paper chromatography. By the continued 
action of the enzymes, these substances are dehydro- 
genated further and condense with each other or with 
coniferyl alcohol to form the lignin polymolecule*. 
A subsidiary amount of linking may be caused by a 
simple addition without loss of hydrogen. This is 
the case with substances H, formula (VIII); and J. 
There is evidence that such a condensation occurs 
through the addition of the primary carbinol group 
of coniferyl alcohol to a quinone methide group 
(formula XII, see below). 

The above formule contain all the elements of 
structure which are necessary to explain the chemical 
behaviour of lignin : (VII) contains a phenyl] carbinol 
group, (VI) and (VIII) contain aliphatic benzyl 
alkyl ethers, and (V) is a benzyl aryl ether. These 
groups are involved in the sulphite and sulphate 
pulping processes. Cinnamic aldehyde groups, which 
are responsible for the colour reactions of lignin, are 
also present. Jsohemipinic acid is obtained from (V) 
and is radioactive when the $-carbon atom of the 
coniferyl alcohol side-chain is labelled with car- 
bon-14'7. It is noteworthy that all these inter- 
mediates as well as lignin itself are optically inactive. 

It is not difficult to explain the origin of all of these 
substances. Enzymatic attack on conifery] alcohol 
causes the removal of a phenolic hydrogen atom, 
leaving a radical which can be written in various 
mesomeric forms, including (IX), (X) and (XI). 
Structures (X) and (XI) can combine to form a 
quinone methide which, by rearrangement, yields 
(V), while two units of the limiting structure (X) can 
combine and become rearranged to pinoresinol (V1). 
Similarly, (VII) could arise from the combination of 
(X) and (IX), followed by the addition of water to 
the resulting quinone methide (XII). With coniferyl 
alcohol, (XII) forms the labile substance (VIII)*’, 
and similarly with methanol or cane sugar, (XIII) 
and (XIV) result ; these have been isolated. 

So far, it has not been possible to furnish direct 
evidence for the formation of the radicals ; their 
dilution is too great and life-time probably much too 
short. The quinone methides have been observed 
recently by direct ultra-violet measurements**, and 
their half-life is estimated at about 60 min. under the 
conditions of measurement. Well-founded chemical 
evidence for the intermediate formation of (XII) has 
also been obtained. If the enzymatic dehydrogena- 
tion of conifery] alcohol is carried out in water con- 
taining 30 per cent methanol, a new substance appears 
among the regular ones**. It is the y-methyl ether 
(XIII) of (VIL), and is formed by addition of methanol 
to the quinone methide (XII), thus providing direct 
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CH,OH 


(XII) 


proof of the transitory existence of (XII). J is an 
addition product of (XII) and A. Even cane sugar 
can be added to (XII) in the same way, the product 
being (XIV). This demonstrates the manner in 
which lignin is combined with the carbohydrates of 
the cell wall. 

The theory of lignin constitution developed above 
explains why the C,C, units in conifer lignin, although 
originating from a single substance, namely, conifery! 
alcohol, occur in such a vast number of different 
forms. Another remarkable fact is that lignin and 
also the intermediates, despite their many asym- 
metrical atoms, are all optically inactive. This is 
also explained by the intermediate formation and 
mesomerism of the radicals, which are optically 
inactive. The action of the enzymes is restricted to 
dehydrogenation of phenolic groups. All subsequent 
reactions, such as the formation of quinone methides 
by the interaction of the radicals, the addition 
reactions of the quinone methides and _ possibly 
polymerization reactions, proceed automatically with- 
out further regulation by enzymes. Even a solution 
of copper sulphate in water transforms—albeit 
slowly—coniferyl alcohol in the presence of oxygen 
into the same intermediates, and finally into lignin. 

It has been mentioned above that the enzymatic 
dehydrogenation of coniferyl alcohol does not yield 
biosynthetic lignin quantitatively. The reason is 
that, even during the course of its formation in vitro, 
the lignin is partially degraded by further dehydro- 
genation. When a fine suspension of either natural 
or artificial lignin in water is subjected to the dehydro- 
genating activity of the enzymes’® laccase or peroxi- 
dase, it undergoes the same degradation. This 
process is closely related to humification and destruc- 
tion of phenols in the soil. Lignin can therefore be 
built up and degraded by the same enzymes. In the 
organized system in the plant, only formation occurs, 
because the action of the enzymes ceases when the 
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tissue has been filled up with lignin. But when the 
dehydrogenases approach from external sources, as 
in the case of attack by wood-rotting fungi, the 
degradation process sets in. Hence it is understand- 
able why mushrooms and wood-rotting fungi contain 
laccase and peroxidase -— preferentially in the 
mycelium and stipe—although they do not produce 
lignin. They require the lacease for the degradation 
of lignin or other phenolic substrates of the soil or 


iin of deciduous wood is built up of a dehydro- 
enated mixture of coniferyl and sinapinic alcohols 
(Land III). Sinapinic alcohol, which occurs in trees 
as its glucoside syringin (IV), has never been found 
as the exclusive building unit for a natural lignin. 
The explanation is given by the following experiment. 
When laccase or peroxidase acts on sinapinic alcohol, 
30-90 per cent syringa-resinol (5: 5’-dimethoxy 
derivative of pinoresinol, VI) is formed’*®*, The 
residual 10-20 per cent consists of the same degrada- 
tion products as are obtained when pure syringa-resinol 
is exposed to dehydrogenase’*. Obviously the inter- 
mediates containing phenyl ether bonds corresponding 
to (V) and (VI) cannot be formed owing to steric 
hindrance. Following enzymatic degradation of 
syringa-resinol, 3: 5-dimethoxy-p-quinone has been 
obtained?®. 

The question is therefore answered as to whether 
lignin has an intelligible structural principle, and it 
is also explained why its architecture is more intricate 
than that of any other polymolecule**. So far, the 
principles involved in the formation of lignin have 


not been applied to the technical synthesis of other. 


materials. 
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INFLUENCE OF THE ANTERIOR PITUITARY ON THE AGEING 


PROCESS IN 


THE OVARY 


By Dr. E. C. JONES and Pror. P. L. KROHN* 


Department of Anatomy, University of Birmingham 


WO alternative ways of defining and measuring 

the rate of ageing are open to us. The first is an 
actuarial analysis of the increasing vulnerability of 
an ageing population. The second is based on the 
individual, and attempts a causal analysis of the 
ageing process at a chosen level of biological organiza- 
tion. For this purpose a particularly suitable method 
is to form heterochronic chimeras, in which tissues of 
one age are transplanted into the environment of 
another age. It is obviously desirable to choose 
4 system for study which shows clear-cut signs of 
deterioration with age, but the visible changes that 
can be expressed quantitatively vary widely from 
one system to another. The central nervous system 
is one which could possibly be studied, and Burns’, 
making use of Brody’s* figures, has calculated that 
100,000 neurones are irretrievably lost from the 
human cerebral cortex every day. The glomeruli 
in the kidney probably constitute another field of 
study. But neither appears to provide as advantage- 
ous &@ situation as does the female reproductive 
system, where the changes in overall reproductive 


*Nuffield Senior Gerontological Research Fellow. 


capacity are very easily measured and can be cor- 
related with a gradual loss of oocytes from the 
ovaries. 

It has been universally accepted that the ovaries 
finally lose all the oocytes which they once contained. 
But since the middle of the nineteenth century there 
has been vigorous controversy about whether neo- 
formation during adult life can add to the original 
complement or whether the female has to make the 
best she can of a limited number of oocytes with 
which she is endowed in early life. The problem has 
been exhaustively reviewed from time to time as 
opinion has oscillated in favour of one theory or the 
other. The mst notable recent reviews** have been 
based on a series of, quantitative observations and 
planned experiments which decisively tip the balance 
in favour of the endowment theory. These data 
clearly show that the decline in the total number of 
oocytes begins early in life and continues regularly 
with increasing age. They also show that no experi- 
mental situation has been contrived in which any 
part of the ovary can be convincingly demonstrated 
to give rise to fresh oocytes. 








Ovary from 346-day-old CBA strain mouse hypophysec- 


Fig. 1. 
tomized 264 days earlier. (x 60) 


Like the neurones, therefore, the female germ cells 
appear to be unable to reproduce themselves by 
It is because 
an understanding of this limiting factor would have 


mitotic division and are irreplaceable. 


such relevance to the study of the pattern of fertility 


that an analysis of the processes underlying the 


disappearance of Oocytes has been undertaken. 
Removal of oocytes at ovulation, and the atresia 
of other Graafian follicles which, for reasons that are 


not yet clear, fail to ovulate, can readily account for 


some of the loss. The decline in numbers, however, 
is too great and begins too early in life (immediately 
after birth in mice and rats), when there are no large 
follicles, for this factor to do more than provide a 
partial explanation. It has long been apparent that 
the major part of the loss must be due to some 
different process that affects the small follicles. 

In addition to controlling the loss of oocytes at 
ovulation, it is possible that the pituitary may have 
a further influence on the ageing process in the ovary. 
The limited purpose of the present experiments was, 
therefore, first—to compare the rates of loss of 
oocytes in normal and hypophysectomized mice ; and 
second—having established that hypophysectomized 
animals lose their oocytes more 
slowly, to show by transplantation 
methods that the oocytes in ovaries, 
whose rate of ageing has been re- 
tarded by hypophysectomy, remain 
fully viable, even when their chrono- 
logical age is greater than the age 
at which reproduction has ordin- 
arily ceased. The labour involved 
in counting, and the limitations 
imposed by immunological considera- 
tions virtually restrict one’s choice 
of animal in experiments of this 
kind to the mouse. All the experi- 
ments reported here have been car- 
ried out on mice of the CBA strain, 
whose exceptionally rapid normal 
loss of oocytes makes them particu- 
larly convenient to use. Further 
studies (to be reported elsewhere) 
have shown that the influence of 
hypophysectomy on the numbers of 
oocytes also extends to other strains 
(A and RIII and hybrid crosses) 
in which we have not yet, how- 
ever, carried out transplantation ex- 


periments. Fig. 2. 
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Ovary from normal 360-day-old CBA strain mouse. 
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Methods and Results 


The mice were hypophysectomized at an average 
age of 39 days by Thomas’s’ method. Only thoge 


the sell turcice of which were shown by serial 


sections at the end of the experiment to be free of 


pituitary remnants have been included in the regults. 
The technique adopted for counting the oocytes was 
the same as that used by Mand] and Zuckerman’ jp 
rats. 

The results of the counts in 52 normal CBA mice, 
ranging in age from 1 to 437 days, can be expressed 
by the equation : 
log y (total number of oocytes) = 4-049 — 0-00711 

(days) 
and for 16 hypophysectomized CBA mice aged from 
44 to 346 days at autopsy : 


log y = 3-735 — 0-00247 x 


The two regression coefficients are significantly 
different from each other (P < 0-001). They imply 
that normal CBA ovaries lose about 30 per cent of 
their population of oocytes every 20 days and hypo. 
physectomized animals only about 10 per cent. For 
example, the ovaries of a 320-day old normal CBA 
mouse would be expected to contain about 70 oocytes 
whereas the ovaries of a hypophysectomized mouse 
of the same age would contain about 880 oocytes- 
more than 12 times as many. The histological differ. 
ences between the two types of ovary are exemplified 
in Figs. 1 and 2. The ovary of the hypophysectom- 
ized mouse (Fig. 1) is much smaller and contains 
neither large follicles nor corpora lutea. But there are 
far more small oocytes in it, and the usual signs 
associated with ageing in the ovary (for example, 
ceroid, pigment and anovular follicles) are much 
reduced. 

There are no precise histological criteria which 
permit one to distinguish categorically between 
normal and atretic small follicles. Nevertheless, an 
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attempt was made to separate the two categories 
when the original counts were being made. The 
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innormal mice. Afterwards, five observers who were 
not told that the sample contained ovaries from 
hypophysectomized animals were asked to estimate 
the ratio of normal to atretic follicles in a smaller 
sample. They evidently varied in the subjective 
criteria which were used to assess the normality of 
an oocyte, since the proportion thought to be normal 
differed, but all agreed that the proportion was 
greater in those ovaries which had come from hypo- 
physectomized animals. 

The reproductive capacity of the ovaries of the 
hypophysectomized mice was tested by transplanting 
them orthotopically into young and old mice of the 
same strain, using a surgical technique which will be 
described elsewhere. 

The first host mouse was a 456-day old CBA female 
which had given birth to 8 litters, the last 2 months 
earlier. Her ovaries, which were removed immedi- 
ately before the unilateral orthotopic transplantation, 
contained only anovular follicles and remnants of 
corpora lutea. The hypophysectomized donor of the 
transplanted ovary was 311 days old and had been 
hypophysectomized for 273 days. The number of 
oocytes in the transplanted ovary was estimated 
from the regression equation at 460. 

The host had previously shown irregular periods 
of vaginal cornification ; her cycles remained infre- 
quent and irregular after the grafting operation. She 
was paired with a male of proved fertility but never 
showed any signs of having mated. 

The ovarian pad of fat, containing the graft and 
Fallopian tube, was removed 72 days later for 
histological examination. Serial sections showed that 
the operation had been technically successful, in 
that there were no obvious barriers to the free passage 
of ova from the graft to the Fallopian tube and uterus. 
The graft had enlarged and, among the total of 270 
follicles which remained, contained 7 follicles with 
antra. There were, however, no corpora lutea nor 
signs of luteinization and the nuclei of stromal cells 
retained the cartwheel appearance, typical of a 
deficiency of luteinizing hormone, which is found with 
increasing frequency as animals get older’. 

Three young spayed virgin CBA females were given 
single orthotopic ovarian transplants. The first was 
62 days old and received the second ovary from the 
hypophysectomized mouse which had provided the 
graft for the old mouse referred to above. Evidence 
that the graft was producing cestrogen soon appeared, 
the vaginal smear being fully cornified within a week. 
An interval of pseudo-pregnancy followed mating, 
and was succeeded by a pregnancy which resulted 
in the birth of three normal young. A second litter 
of two died, but a third litter of six was entirely 
healthy. The grafted ovary was 437 days old when 
the third litter was born, an age which is well past the 
average (352 days) at which reproduction ordinarily 
ceases in the CBA strain of mice. 

The other two young females (92 days old) received 
single transplants (estimated to contain 290 oocytes 
eech) from a 392-day old mouse hypophysectomized 
354 days earlier. Vaginal cornification returned 4 
and 5 days after the operation. One mouse has given 
birth to two litters, each containing two young, 
the second litter being born when the grafted ovary 
Was 498 days old. The other mouse has mated 
repeatedly and has shown a succession of pseudo- 
Pregnancies without becoming pregnant. It is 
‘sumed that adhesions have developed between the 
surface of the graft and the ovarian capsule which 
Prevent the eggs from reaching the tube. This 


NATURE 





1157 


unfortunate complication of the operation is fairly 
common. 


Discussion 


The results show that after hypophysectomy 
oocytes are lost much more slowly from the ovary 
and that the proportion of small follicles showing the 
histological signs of atresia decreases. The ageing 
process, as it affects the ovary of the mouse, is therefore 
retarded when the pituitary is removed. 

Earlier studies of the effect of hypophysectomy on 
the number of oocytes in the ovary purported to 
show that the number actually increased after 
hypophysectomy in rats*®. The experiments were 
not, however, intended to show any relationship 
between pituitary secretions and the destruction of 
oocytes by atresia, but to prove that the pituitary 
ordinarily prevents the ovary from engaging in the 
neoformation of oocytes at the rate it would choose 
if freed from restraint. However, Ingram’s?® much 
more satisfactorily controlled experiments failed to 
confirm the observations on which this conclusion was 
based. Instead they clearly demonstrated that the 
number never exceeded the normal pre-operative con- 
trol figures, and indeed, continued to decline after 
hypophysectomy. Although Ingram’s hypophy- 
sectomized rats did lose their oocytes more slowly 
than the normal animals, he was unable to show 
that the difference between the two regression 
coefficients relating age and numbers of oocytes was 
statistically significant. 

Our results can best be explained by assuming that 
hypophysectomy removes an unidentified atresia- 
promoting factor in addition to stopping the loss 
from ovulation. An alternative but more cumbersome 
explanation would be that some extra-pituitary factor 
is no longer able to act, the- pituitary hormones 
normally playing the sort of permissive part which is 
sometimes attributed to adrenal cortical hormones 
in other endocrinological situations. It seems unlikely 
that the factor is any one of the gonadotrophins 
since the rapid loss of small follicles by atresia in the 
normal animal precedes any evidence that gonadotro- 
phins are being released by the pituitary. It is 
tempting to choose somatotrophin from among the 
recognized hormones of the anterior pituitary, on the 
basis of its known influence on cellular growth and 
differentiation. At present there is, however, no 
experimental justification for such a choice. 

But the population of oocytes does not remain 
intact even after the removal of the atresia-promoting 
factor by hypophysectomy. On the contrary, the 
negative slope of the regression line differs significantly 
from zero, and oocytes continue to be lost, even if 
more slowly than normal. It must therefore be 
assumed that yet another unknown process, which is 
independent of the pituitary, promotes the loss of 
oocytes. Ageing of the ovary, as measured by the 
overall loss of oocytes, therefore depends on the 
combined effects of at least three separate factors— 
one concerned with the maturation of follicles for 
ovulation, a second unidentified pituitary principle 
and a more general influence whose effect persists in 
the absence of the pituitary. As mentioned earlier, 
the cell populations of several of the other organs in 
the body are subjected to a process of attrition 
with the passage of time. Analysis revealed that 
this process, as it affects the ovary, has a complex 
structure, but no one knows how far the behaviour of 
the ovary is unique, or how far it represents a pattern 
which also applies to these other organs. Only 
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further experiments can decide whether, for example, 
the decline with age in the number of cortical neuronvs 
is retarded by hypophysectomy and whether some 
loss of cells persists even in the absence of the 
pituitary. 

The transplantation experiments reveal, in addition, 
that the oocytes and follicles which remain after 
long-term hypophysectomy are entirely viable and do 
not necessarily deteriorate simply with the passage of 
time. They respond normally to the appropriate 
gonadotrophic stimuli; the follicles ovulate and if 
the ova are fertilized they are capable of developing 
into normal young. Equally, the corpora lutea which 
develop from old granulosa cells are able to maintain 
@ normal pregnancy. 

The behaviour of grafts of ovaries from a hypo- 
physectomized mouse depended entirely on the nature 
of the environment in which they were placed. In an 
old host the ovary failed to do more than show that 
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its small follicles could grow to Graafian size, whereas 
complete reproductive capacity was demonstrated 
in the young host. These observations reinforce earlier 
suggestions that, although the pituitary continues to 
produce gonadotrophins, it no longer does so in the 
proportions which are necessary for reproduction, 
In particular, it suggests the possibility that the 
production or the release of ovulating and luteinizing 
hormones is impaired. ‘ 
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OBITUARIES 


Mr. Frank Twyman, F.R.S. 


THE scientific world is the poorer for the passing 
of Mr. Frank Twyman on March 6. He was born in 
Canterbury in 1876, and attended Simon Langton’s 
School in that city. He went to the Finsbury Tech- 
nical College and later as Siemens Scholar to the 
Central Technical College, London. He then obtained 
a@ post as cable tester in the Fowler Wiring Cables 
Co., but he found the work irksome, especially night 
shifts, and went to Otto Hilger, as he characteristically 
put it, to “have a rest’. (Later he described the 
work as ‘‘a most complicated way of earning a living’’.) 
Otto Hilger had succeeded his brother Adam in 
charge of the firm of Adam Hilger ; he died in 1902 
and the management passed to Twyman, although 
only twenty-six years old at the time. Two years 
later the firm was incorporated with Twyman as 
managing director, a post which he held until 1946. 
In 1948 the firm amalgamated with E. R. Watts 
and Son, and he served as a director until 1952, after 
which he became technical adviser. 

Twyman was a man of tireless energy ; until 1910 
he designed all the new instruments completely, 
making all detailed drawings and testing and adjust- 
ing the instruments himself. He made many innova- 
tions in the production and testing of high-quality 
components, and was always vigilant in seeking new 
methods. He believed in sharing his knowledge with 
others, and for this reason published his book, 
“Prism and Lens Making’’. His developments in 
interferometers for testing optics alone would entitle 
him to a high place in innovation in industry. Twyman 
had a deep knowledge of glass-making and an original 
outlook which benefited makers of high-quality 
optical glass. He helped to start the Optical Materials 
Committee, which was of great value during the 
First World War. 

Twyman’s outstanding achievement was in the 
field of spectrochemical analysis. Although the 
possibility of the use of spectroscopy for chemical 
analysis, particularly of metals, had been known 
since the middle of the past century, it had not found 
favour. He became convinced of its importance, and 
in 1904 produced the constant-deviation spectro- 
meter with the wave-lengths of the lines displayed 


on a helical drum. This was a success, but not with 
analysts. The range was restricted to the visible 
region, whereas the lines of most interest for metal 
analysis lie in the ultra-violet. Therefore, he designed 
the fixed medium quartz spectrograph, which shows 
a wide range of wave-lengths on a photographic 
plate, and also a large quartz spectrograph of greater 
dispersion. These appeared in 1910, but with one 
exception (the American Brass Co.) he failed to 
persuade analysts of their usefulness, although ready 
sales were made for academic purposes. Two events 
broke the deadlock: the American Brass Co. pub- 
lished the results of nine years successful routine- 
control of brass production, and two firms, one in Ger- 
many and one in the United States, made equivalent 
instruments and inspired the publication of investi- 
gations made by means of them. 

He was also busy with work in other regions of 
the spectrum. He made vacuum ultra-violet spectro- 
graphs, the first going to Bohr’s laboratory in 
Copenhagen. Against the advice of Paschen, who 
affirmed that the infra-red region would never be of 
industrial interest, he made an infra-red instrument, 
the first of several. X-ray spectrometers were made 
for Laby and others, and instruments for the investi- 
gation of crystal structures by X-rays. 

Twyman was elected a Fellow of the Royal Society 
in 1924. The John Price Weatherill Medal of the 
Franklin Institute of Washington was presented to 
him in 1927, the Duddell Medal of the Physical 
Society in 1927 and the Gold Medal of the Society 
of Applied Spectroscopists of the U.S.A. in 1956. 

He was interested in general matters also, bringing 
an original mind to bear upon economics and educa- 
tion. He published a small book entitled ‘“‘Some New 
Proposals for the Amelioration of the Balance of 
Payments Position”, and another called ‘‘Apprentice- 
ship for a Skilled Trade”. He was interested in 
music, gardening, literature and the theatre, and had 
a wide knowledge of old music-hall songs. For 
many years his lunch consisted of a glass of milk, 
which he drank to the accompaniment of his violin— 
he used to explain that he was “trying to become 4 
third-class amateur’. Those who worked with him 
knew that his apparent ingenuousness hid a clear 
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appraisal of the situation ; when a junior brought 
him a problem, he would say, “and what do you 
recommend ?”” It is no wonder that he was much 
loved and respected by his staff. A. C. MENzIEs 


Prof. Thomas Thomson 


With the recent death of Prof. T. Thomson we 
saw the passing of a person who, with singular 
devotion, had spent his whole life in the service of one 
educational institution. 

When Thomson, a Londoner, entered the Univer- 
sity College of North Wales, Bangor, in the first 
decade of this century, he was somewhat older than 
the average run of students at the time, and after 
reading for honours in chemistry, and taking a first, 
he continued to read forestry under Prof. Fraser 
Story, then head of that Department. 

During the First World War, Story was called to 
London, and Thomson worked in Wales on problems 
of woodland felling and timber supplies. This gave 
him an admirable introduction to the Welsh country- 
side and to the mind of the countryman, a most 
valuable asset early in a professional career. 

In 1919, the Forestry Commission was set up. Story 
stayed on in London as its education officer and 
Thomson returned to Bangor to take charge of the 
Forestry Department, first as an independent lecturer 
and latterly, before his retirement, eleven years or so 
ago, as professor. This was a period of expansion and 
adaptation in the subject, to meet the new and 
expanding economy of the new State forest policy 
in Britain, together with the continuance of training 
of forest officers for work in the Dominions and 
overseas. 

It was also the period of transfer of activities from 
the Old Buildings in the Penrhyn Arms Hotel to the 
Memorial Buildings in Deiniol Road in the mid- 
twenties. It also witnessed the ever-expanding 
provision of field courses of training, extramural to 
the Department at Bangor. Before the War there had 
been established at Penisa’r Glyn near Chirk in the 
Ceiriog Valley, Denbighshire, an experimental fores- 
try unit, in the layout of which Thomson was the 
prime mover. Now, after the War, there followed 
comprehensive and extensive practical forestry 
courses in the field in the French State forests, with 
their long established and tested traditions. This 
was eventually extended to embrace collateral 
courses in the newer State forests of Britain, as these 
developed and matured. 

As an academic discipline the subject suffered 
severely at this time from the serious lack of authori- 
tative standard text-books in English. This Prof. 
Thomson set himself to remedy, and in due course 
appeared his English translation of the classic text 
of “The Foundations of Silviculture” from the German 
of Busgen and Munch. This was followed by 
Thomson’s own “Outline of Forestry”, less am- 
bitious in scope, but withal a very worthy students’ 
manual. 

During the Second World War, and the second severe 
onset on the native timber resources of Britain in one 
short generation, Thomson gave admirable service, 
outside his Department, in operating the State scheme 
of grants for new planting and replanting of timber 
tees. His thorough and extensive knowledge of 
conditions in the field in Wales, based on his initial 
‘xperience during the First World War and extended 
‘ince, and his natural endowments in the field of 
uman relationship made him a first-rate agent in 


NATURE 





1159 


working this policy—indeed a very successful ambas- 
sador among estate and woodland owners. 

He had retired from the chair before the Depart- 
ment made its second move to the present site at the 
corner of Deiniol Road and Glanrafon Hill, but it 
gladdened his heart to see, so firmly established and 
so full of promise to the future, a pulsating and virile 
school that he had done so much to bring into being 
and to support in its infancy. 

Prof. Thomson served his College well in the field 
of internal administration—a field of service he rather 
delighted in—as curator of the College grounds, in 
Board of Faculty, in Senate and as Dean. He was 
never forward in the rough and tumble of argument 
and advocacy in the early stages of discussion of any 
issue, but invariably he came in towards the end 
with words of wisdom and sagacity. He was a very 
sound dialectician, a loyal colleague and a sturdy 
pillar of the Old Students’ Association of the 
College. 

Prof. Thomson was twice married, first to Miss 
Gwen Phillips, eldest daughter of the late Reginald 
W. Phillips, first professor of botany in the College, 
and secondly to Miss Connie Izard, a member of the 
College Music Trio, who survives him. 

R. Atun ROBERTS 


Mr. Cyril Barnard 


Mr. Cyrit CuTHBERT BARNARD, librarian of the 
London Schoo] of Hygiene and Tropical Medicine, and 
author of the Barnard system of classification for 
medical libraries, was killed in a road accident on 
March 6. Son of Harry Barnard, an artist specializing 
in the design of Wedgwood ware, he was born at St. 
Margaret’s, Middlesex, on July 23, 1894, and was 
educated at the Stationers’ Company School and 
at the London School of Economics. In 1914, he 
became a library assistant at the Royal Society of 
Medicine and in 1918 assistant librarian at the 
Wellcome Historical Medical Library. During 1921— 
28 he served as librarian of the Tropical Diseases 
Library, and in 1929 took charge of the library of the 
London School of Hygiene and Tropical Medicine in 
its new building in Keppel Street. 

Mr. Barnard graduated B.A. (London) with honours 
in 1922, and two years later obtained the diploma 
of the School of Librarianship. In 1931, he was 
awarded the honours diploma of the Library Associa- 
tion for a thesis entitled ‘‘A Classification for Medical 
Libraries’, which was published in 1936. A second 
enlarged edition, “A Classification for Medical and 
Veterinary Libraries’, came out in 1955. Mr. 
Barnard was elected a Fellow of the Library Associa- 
tion in 1925, served on the Council of the Association 
and as secretary of its University and Research 
Section, and in 1947 became chairman of the newly 
created Medical Section. In 1953, he was joint 
honorary secretary of the First International Congress 
on Medical Librarianship held in London. In 1952, 
he was invited by the World Health Organization to 
reclassify its library at Geneva according to his 
system. At his own library, which his expert know- 
ledge and his devotion made one of the finest 
of its kind in the world, he introduced special 
courses of instruction in the use of the library for 
students. 

A member of the Society of Friends, linguist, 
historian, and a friendly, cheerful, approachable, and 
quietly firm personality, Mr. Barnard will be greatly 
missed in medical library circles. W. R. Bert 
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NEWS and VIEWS 


Anti-Locust Research Centre : 
Dr. B. P. Uvarov, C.M.G., F.R.S. 


Dr. Boris PrtrrovircH Uvarov, who recently 
retired from the directorship of the Anti-Locust 
Research Centre, London, was born in Uralsk in 
1888. At the end of the First World War he was a 
lecturer in zoology and entomology at the Georgian 
State University, Tiflis. He had already had a dis- 
tinguished career in Russian entomology following 
his graduation at the University of St. Petersburg. 
It was while working as director of the Stavropo) 
Bureau of Entomology on the control of locusts in 
1912 that he recognized the conspecificity of two 
‘species’ of locusts as the solitary and swarming 
phases of Locusta migratoria, a discovery which was 
to revolutionize work in this field. 

Uvarov was also keenly interested in Acridid 
taxonomy, so that he was able to accept the invitation 
extended to him in 1920 by Dr. G. A. K. Marshall, 
director of the Imperial Bureau of Entomology, to 
work in London. As assistant entomologist and later 
as senior entomologist he worked at that Institute 
on the identification of Orthoptera and Hemiptera 
at the British Museum (Natural History). During 
this time he published numerous important papers 
on the taxonomy and biogeography of the Acrididae 
which brought him much acclaim and he rapidly 
became the world authority on this family. But 
Uvarov was more than a taxonomist, and such works 
as “Locusts and Grasshoppers” (1928), “Insect 
Nutrition and Metabolism” (1928) and ‘Insects and 
Climate” (1931) placed him in the forefront of 
entomological workers. : 

Meanwhile, the control of locusts, was becoming 
more and more important and he began to devote 
most of his time to studying this problem. Towards 
the end of the Second World War the danger of 
famine in the Middle East and in East Africa became 
acute, owing to the desperate shortage of shipping. 
When, therefore, the Colonial Office set up the Anti- 
Locust Research Centre in 1945, Uvarov was 
appointed director. Under his inspired leadership 
and as a result of very hard work involving extensive 
travel, the Centre grew from strength to strength 
and is now generally recognized as the most important 
institute of its kind in the world. Its great reputation 
and international influence may safely be attributed 
to Dr. B. P. Uvarov. Hoe was appointed C.M.G. in 
1948, became a Fellow of the Royal Society in 1950 
and is now president of the Royal Entomological 
Society, London. He holds various foreign decora- 
tions, including the Chevalier, Légion d’Honneur and 
Commandeur de l’Ordre Royal de Lion of Belgium. 


Dr. T. H. C. Taylor 


T. H. C. Taytor, who has been appointed to 
succeed Dr. Uvarov as director of the Anti-Locust 
Research Centre, graduated at Reading University 
College. In 1925 he went out to Fiji as government 
entomologist to assist Dr. J. D. Tothill in his investi- 
gation of the problem of the coconut moth (Levuana 
iridescens), which had been causing extensive damage 
to the coconut plantations. He travelled widely in 
Meianesia and Indonesia in search of parasites, and 


as a result of this work the moth was brought com. 
pletely under control. The results were published by 
Tothill, Taylor and Paine in 1930 in a massive report 
on this classic example of successful biological contro], 
In 1935 he was transferred to Uganda, where he 
specialized on cotton pests. In 1944 he joined the 
staff of the Commonwealth Institute of Entomology, 
becoming assistant director in succession to Dr. W, J, 
Hall, who had been promoted to director. In 1953 
Dr, Taylor joined the Anti-Locust Research Centre 
as deputy director. Since then he has made mam 
tours of inspection of locust stations in Arabia and 


Africa. 
National Agricultural Advisory Service 


Str Rosert Rag, director of the National Agri. 
cultural Advisory Service, who is to retire on July 3, 
was formerly professor of agriculture in the University 
of Reading (see Nature, 153, 400; 1944). In 1944 he 
was appointed British agricultural attaché in Wash. 
ington and agricultural adviser to the United King. 
dom High Commissioner in Ottawa. In 1945 he 
became provincial advisory officer in the National 
Agricultural Advisory Service, and was promoted to 
under-secretary in 1947, He was appointed director 
of the National Agricultural Advisory Service in 1948. 

Sir Robert Rae is to be succeeded as director by 
Mr. J. A. McMillan, at present senior education and 
advisory officer. After beimg wounded in the First 
World War, Mr. McMillan graduated at the Univer- 
sity of Edinburgh in 1919. He afterwards became 
lecturer in agriculture in the University of Leeds, 
and agricultural organizer to the Lincoln (Lindsey| 
and Cambridgeshire County Councils. He was 
seconded during the Second World War to the 
Cambridgeshire War Agricultural Executive Com- 
mittee, On appointment to the National Agricultural 
Advisory Service in 1946 he became provineidl 
director, Eastern Province. He was promoted to 
senior education and advisory officer in 1948. 

Mr. W. E. Jones, at present director of the National 
Agricultural Advisory Service in Wales, who will 
succeed Mr. McMillan, graduated with honours i 
agriculture at the University College of Wales, 
Aberystwyth. In 1946 he was appointed to the 
National Agricultural Advisory Service as a grass- 
land husbandry advisory officer, and in 1950 became 
county advisory officer. He was appointed deputy 
director for Wales in 1954, and in 1957 he became 
director of the Service in Wales. 

Mr. H. E. Evans, at present deputy director ot 
National Agricultural Advisory Service in Wales, 
who is to succeed Mr. Jones, graduated with honours 
in agriculture at the University College of North 
Wales in 1934. He then spent six years with the 
Agricultural Economics Department at Aberystwyth. 
He was associated with the War Agricultural 
Executive Committees in England from 1940 until 
he joined the National Agricultural Advisory Servic 
when it was formed in October 1946. Since then 
Mr. Evans has had continuous experience of farming 
in Wales, having served as county advisory officer In 
both Radnor and Carmarthen and more recently 
deputy director of the National Agricultural Advisory 
Service for Wales. 





availal 
algerin 
that a 
work, 

recent! 
schedu 
carry 
will ha 
ters, ' 
in Aret 
of oces 


consid 


Appoi 
Can 


rector 
1948. 
or by 
n and 
First 
iver: 
came 
weeds, 
dsey) 

was 
) the 
Com- 
Itural 
ineial 
ed to 


pional 
» will 
rs in 
Vales, 
» the 
ZTass- 
came 
sputy 
came 


or of 
Tales, 
2.0urs 
Jorth 
. the 
vyth. 
tural 
until 
rvice 
then 
ming 
er in 
y as 
sory 


April 25, 1959 


No. 4669 


Institute Of Oceanography, Dalhousie: 


Prof. Ronald Hayes 


TxE National Research Council of Canada has 
awarded an annual grant of 90,000 dollars to Dalhousie 
University, Halifax, Nova Scotia, for the establish- 
ment of an Institute of Oceanography. All branches 
of marine science will come under investigation, and 
opportunities for work at sea will be provided by the 
Royal Canadian Navy, the Fisheries Research Board 
of Canada and other agencies. Prof. F. R. Hayes, 
who has been appointed director of the Institute, 
took his doctorate under the late Prof. James John- 
stone in the Department of Oceanography, University 
of Liverpool. As a post-doctoral fellow of the Rocke- 
feller Foundation he worked at the Prussian Marine 
Station at Heligoland and the University of Kiel. 
He is at present chairman of the Division of Biological 
Sciences at Dalhousie University, and a member of 
the Fisheries Research Board and National Research 
Council of Canada. 

Pressing problems of the Second World War 
brought a marked impetus to oceanography in 
Canada. Co-operation then established has continued 
under a Joint Committee on Oceanography with 
representatives of the Royal Canadian Navy, the 
Fisheries Research Board and the National Research 
Council, as well as Defence Research Board and the 
Hydrographic Service. Demands for expansion in 
the various fields brought to notice the lack of 
adequate provision for the training of recruits and for 
research unconnected with immediate economic aims. 
The Committee appealed to the National Research 
Council, and Dalhousie University proposed a pro- 
gramme Of work, for which the present grant makes 
provision. 

Staff appointments at Dalhousie will provide for 
research and teaching at graduate level in marine 
branches of biology, chemistry, geology, and physics. 
The oceanographic programme at Halifax is being 
expanded considerably. In 1958, the 177-ft. research 
vessel, A. 7. Cameron, was brought into service. 
Built by the Fisheries Research Board, she has 
five laboratories, will accommodate nine scientists 
and carries a crew Of 25. The Fisheries Research 
Board Atlantic oceanographic group, previously 
stationed at St. Andrews, New Brunswick, is moving to 
Halifax. ‘The Naval Research Establishment has 
available a corvette, C.N.A.V. Sackville, and an 
algerine, C.N.A.V. New Liskard. It is anticipated 
that a second algerine will be assigned to research 
work. The Canadian hydrographic service has 
recently announced plans for a 4,200-ton research ship 
scheduled for completion in 1961. The vessel will 
carry a crew of 85 and scientific staff of 15-20. She 
will have ten laboratories and will carry two helicop- 
ters. The double hull wi'l be reinforced for navigation 
in Arctic waters, and she will be fitted for all types 
of oceanographic research, including core-sampling of 
the bottom. 

On the Pacific coast of Canada the University of 
British Columbia has operated an Institute of 
Oceanography for the past decade. A similar grant 
from the National Research Council will permit a very 
considerable expansion of the programme there also. 


Appointments to National Research Council of 
Canada 


Tae following new members of the National 
arch Council of Canada have recently been 
‘ppointed : Dr. F. R. Hayes, head of the department 
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of zoology at Dalhousie University, Halifax; Dr. 
A. D. Misener, head of the department of physics, 
University of Western Ontario; Dr. J. Unrau, head 
of the department of plant science at the University 
of Alberta, Edmonton. The vacancies were created 
by the retirement of Dr. J. H. L. Johnstone, head of 
the department of physics and dean of graduate 
studies, Dalhousie University, and by the deaths of 
Dr. R. S. Jane, president of Shawinigan Chemicals 
Limited, and Dr. R. B. Miller, professor of zoology, 


University of Alberta. 


Ciba Fellowships, 1959-60 


THE Advisory Panel of the Ciba Fellowship Trust 
has awarded the following Fellowships for the 
academic year 1959-1960: Dr. M. H. Richmond 
(University of Cambridge and the Medical Research 
Council) to study at the University of Copenhagen 
(microbiology) ; Mr. V. P. Arya (University of 
Banaras and of London) to study at the Polytechnic, 
Zurich (chemistry of natural products); Mr. J. F. 
Counsell (University of Bristol) to study at the 
University of Géttingen (physics) ; Mr. G. L. Duncan 
(University of Aberdeen) to study at the University 
of Louvain (polymer chemistry); Mr. K. Jones 
(University of Sheffield) to study at the University 
of Heidelberg (organic chemistry) ; Mr. B. L. Mordike 
(University of Birmingham and of Cambridge) to 
study at the Max Planck Institute, Stuttgart (physical 
metallurgy). 

Imperia) College of Science and Technology : 

Fellowships 

THE governing body of the Imperial College of 
Science and Technology, London, has made the 
following elections to Fellowship of the College: Sir 
Lewis Casson, former student of the City and Guilds 
College ; Sir Graham Cunningham, member of the 
governing body of the Imperial College 3; Prof. A. 
Holmes, professor emeritus of geology in the Univer- 
sity of Edinburgh, a former student of the Royal 
College of Science ; Sir Christopher Ingold, professor 
of chemistry, University College, London, former 
student and member of staff of the Imperial College ; 
Dr. L. B. Pfeil, director of the Development and 
Research Department of the Mond Nickel Company, 
former student of the Royal School of Mines; Mr. 


R. McKinnon Wood, member of the governing body 
of the Imperial College. 


Television Society Premiums 


Tue Television Society has awarded the following 
premiums, for outstanding papers read before the 
London meetings during 1957-58: The Wireless 
World Premium to Mr. B. Overton (Mullard Research 
Laboratories) for his paper on “Transistors in Tele- 
vision Receivers”; the E.M.I. Premium to Dr. R. 
Theile (Institut fiir Rundfunktechnik) for his paper 
on “Recent Investigations into the Operation of 
Image Orthicon Camera Tubes’; the Electronic 
Engineering Premium to Dr. J. C. Parr (formerly of 
Kelvin and Hughes, Ltd.) for his paper on ‘‘Some 
Aspects of Waveguide Technique” ; the Pye Premium 
to Mr. L. J. Griffen (Kolster Brandes, Ltd.) for his 
paper on “Dressing Television: Cabinet Design”’ ; 
the Mervyn Premium to Mr. K. H. Smith, (Siemens 
Edison Swan, Ltd.) for his paper on ‘‘Performance 
of Television Receiver Turret Tuners” ; the Mullard 
Premium to Mr. J. Polonsky (Compagnie Générale de 
Telegraphie sans Fils) for his paper on “A French 
Portable Television Camera’’. 
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Committee on Chemicals, Oil and Gas from Coal 


In the House of Commons on April 16, Mr. J. C. 
George asked the Paymaster-General what further 
action the Government proposed to take to investi- 
gate possible methods of converting coal into 
chemicals, gas and oil. Sir Ian Horobin, in a written 
answer, stated that the Minister of Power has decided, 
after consultation with Sir Alexander Fleck, chairman 
of the Scientific Advisory Council, to set up a com- 
mittee with the following terms of reference: “To 
review the work that has been done in recent years 
on the development of processes in which coal is the 
basic raw material and which will produce marketable 
products of a chemical or a gaseous or liquid hydro- 
carbon type; and to make recommendations as to 
the direction of further research and development 
work on any such processes which appear to the 
committee to hold promise of industrial application 
and as to the type of organization or organizations 
best suited to carry out such work’’. 

The members of the committee will be: Chair- 
man, Mr. A. H. Wilson (managing director in charge 
of research and development, Courtaulds, Ltd.) ; 
Secretary, Mr. W. R. G. Bell (Ministry of Power) ; 
Mr. M. A. L. Banks (director, B.P. Trading, Ltd.) ; 
Mr. Henry Benson (Cooper Brothers and Co.) ; Mr. 
H. E. Collins (National Coal Board); Capt. (E) W. 
Gregson (chairman, Fuel Efficiency Advisory Com- 
mittee) ; Dr. R. Holroyd (director, Imperial Chemical 
Industries, Ltd.) ; Mr. W. K. Hutchison (chairman, 
South Eastern Gas Board); Dr. M.A. Matthews (Shell 
International Chemical Co., Ltd.); Mr. B.E. A. Vigers 
(Laporte Industries, Ltd.). The committee will be 
assisted in its work by two assessors: Mr. A. W. 
Clarke (director, Warren Spring Laboratory of the 
Department of Scientific and Industrial Research) ; 
and Mr. D. A. B. Llewellyn (Ministry of Power). 


Manufacture of Polypropylene in Britain 

AN agreement has been signed whereby Imperial 
Chemical Industries, Ltd., acquires a licence under 
the Montecatini and Montecatini/Ziegler U.K. patents 
covering the production and use of a new poly- 
propylene plastic, originally discovered by Prof. 
Natta. A new plant to manufacture this plastic 
(‘Propathene’) is being constructed at the Wilton 
Works in North Yorkshire. It is expected to bring 
the total capacity of Imperial Chemical Industries 
for polyolefines for ‘Alkathene’ and ‘Propathene’ to 
more than 100,000 tons a year. ‘Propathene’ is being 
manufactured at a pilot plant, and arrangements 
have been made to augment this pilot plant produc- 
tion so that the material will be available commercially 
from June 1. ‘Propathene’ is particularly suitable 
for moulding uses in view of its high rigidity and 
resistance to temperature. It is also expected to 
find extensive use in film form and as a general 
extrusion material. 


First Hungarian Atomic Reactor 

Huneary’s first experimental atomic reactor, 
which began working on March 25, is a small reactor, 
of 2 MW. capacity, situated in the Buda Mountains 
above Budapest. The installation is fully automatic. 
The Soviet Union supplied plans and a large part of 
the installation, five Hungarian institutes drew up 
the final designs and thirty Hungarian establish- 
ments took part in the construction of the reactor. 
It is primarily for research work, and particularly 
for the training of nuclear technicians. Neutrons 
obtained from the reactor will be used for experi- 
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mental examination of the structure of the atomic 
nucleus, and isotopes will be supplied to industrial, 
medical and scientific establishments in Hungary. 
Previously, radioactive isotopes required for thera. 
peutic purposes have been obtained abroad, and 
short-lived isotopes required for biological experi. 
ments could not be obtained at all. The reactor wil} 
solve both these problems. Experience gained from 
the new reactor will be used in the future planning 
and construction of atomic power stations in Hungary, 


The National Engineering Laboratory 


TxseE Council for Scientific and Industrial Research 
has announced that in future the Mechanical 
Engineering Research Laboratory at East Kilbride, 
near Glasgow, will be known as the National Engineer. 
ing Laboratory. This is considered desirable in order 
to emphasize the national character of the Laboratory, 
which is part of the Department of Scientific and 
Industrial Research organization and is financed 
from public funds: it does not imply any change in 
the field covered by the Laboratory. A Steering 
Committee has been set up to look after the pro. 
gramme of the Laboratory, the object of which is to 
extend knowledge of mechanical engineering science 
so as to provide industry with the information it 
requires for the solution of its own particular 
problems. In order therefore that its work may be 
focused on practical objectives of real value to 
industry (which may involve basic or applied research 
or, in suitable cases, development work), it has been 
decided that the planning of the Laboratory's 
activities and the selection of research projects can 
best be under the control of a small body with a 
measure of executive authority. The Committee’s 
terms of reference are: (1) to be responsible to the 
Research Council for the selection of projects and for 
the allocation of effort to them, within the financial 
resources allocated to the Laboratory and such other 
limits as may from time to time be imposed by the 
Council ; (2) to report annually to Council, submitting 
a research programme for the following year. The 
Committee, which will be a full committee of the 
Research Council, is empowered to set up specialist 
sub-committees to provide technical advice on par- 
ticular fields of work. 

The new Steering Committee will be under the 
chairmanship of Vice-Admiral Sir Frank Mason, 
(director of Metal Industries, Ltd., and of H. W. 
Kearns and Co., Ltd.), who is a member of the Research 
Council and chairman of the outgoing Mechanical 
Engineering Research Board. The members of the 
Committee will be Prof. O. A. Saunders (Imperial 
College of Science and Technology, London), Norman 
Elce (director of Metropolitan-Vickers Electrical 0o., 
Ltd.), Dr. D. G. Sopwith (director of the Mechanical 
Engineering Research Laboratory), Dr. C. M. Cawley 
(director of Stations and Grants Divisions of the 
Department of Scientific and Industrial Research). 
In order to assist the Director as the Laboratory 
expands and to improve and extend the links between 
the Laboratory and industry, two deputy directors 
have been appointed. They are Dr. 8. P. Hutton and 
Mr. F. D. Penny. Dr. Hutton, who is at present head 
of the Fluid Mechanics Division of the Mechanical 
Engineering Research Laboratory, will have special 
responsibilities for fostering closer relationships with 
industry. Mr. Penny, who is chief development 
engineer at the Fuel Research Station, will be 
responsible for the management of the research 
programme. 
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Technical Assistance Programmes 

Ar the request of the International Co-operation 
Administration, the U.S. National Academy of 
Sciences—National Research Council has undertaken 
astudy of the ways in which science and technology 
can most effectively be used by the Administration 
in its assistance programmes for Africa south of the 
Sahara and north of the Union of South Africa. 
[eaders in scientific and technological research and 
African studies have been asked to assist in the 
evaluation of opportunities for the utilization of 
research in the fields of public health, medicine, 
agriculture, natural resources, engineering and educa- 
tio. A final report will be submitted by June 1959. 
Dr. J. George Harrar, director for agriculture at the 
Rockefeller Foundation, has been appointed executive 
director of the study. 


Laboratory Equipment in American Schools 

TEACHERS Of science in American colleges, univer- 
sities and non-profit-making organizations have been 
invited by the National Science Foundation to 
submit proposals for the construction of better 
laboratory equipment for use in schools. Under the 
terms of a new, experimental programme, the Founda- 
tim will consider proposals for the design and 
construction of improved laboratory equipment and 
for the development of new instructional materials 
for lecture demonstrations, laboratory and field work 
for courses at elementary and secondary school, and 
undergraduate levels in mathematics, astronomy, 
earth sciences, physical and biological sciences, and 
engineering. Support will not be provided for the 
purchase of equipment for renovating school and 
college laboratories, or for commercial production of 
equipment or materials. 


Nigeria Science Association 

As a result of the rapidly increasing volume of 
scientific work in Nigeria, many scientists have for 
some time felt the need for a Nigeria Science Associa- 
tion. In October 1957 a meeting was called at the 
University College, Ibadan, to discuss the matter. 
After a further meeting in January 1958 it was 
decided that a Science Association of Nigeria should 
be formed and should hold its inaugural meeting in 
December 1958. A steering committee was elected, 
with Prof. J. Grayson, professor of physiology at 
University College, Ibadan, as chairman, and Dr. 
Brian Hopkins, lecturer in agricultural botany at 
University College, Ibadan, as secretary. The in- 
augural meeting of the new Association was held 
at University College, Ibadan, during December 15- 
19, 1958. At a brief but impressive opening ceremony, 
which was well attended, the Association was in- 
augurated by the Hon. Victor Mukete, Federal 
Minister for Research and Information. The opening 
ceremony was followed by a conference lasting four 
days. The first three days were devoted to papers 
and discussions of general interest and to business 
meetings, and the last day to specialist sections. 
Four specialist sections were organized: medical 
Sciences, physical sciences, botany and zoology. 
t the business meeting, Dr. Eni Njoku, Department 
of Botany, University College, Ibadan, was elected 
st president, and Dr. Hopkins secretary. It is 
hoped that the next conference will be held in Zaria 
in December 1959. 


rrederick Soddy Trust 


Tae first report of the Frederick Soddy Trust 
Pp. 16. From the Frederick Soddy Trust, 9 The 
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Drive, Hove 3, 1958) includes a full record of grants 
made up to September 1958 as well as a list of rejected 
applications, with the view of indicating the principles 
used in selection. Emphasis is placed on team-work 
rather than individual work, and on actual study and 
research in the field. Some details are given of the 
survey of crofting in South Uist and Benbecula made 
in 1957; of the proposed study of Corby and of a 
survey of the parish of Ardington, Berkshire, pro- 
posed by the University of Reading ; and also of an 
expedition to the Pyrénées in which a study is to be 
made of peasant agriculture and its response to a 
mountain environment; an attempt is to be made 
to evaluate the extent of possible population move- 
ment in the area. 


Smoke Control 

Unpb#Er the title “Smoke is Your Enemy” (pp. 8, 
1959) the Ministry of Housing and Local Government 
and the Central Office of Information have prepared 
a short pamphlet for issue to householders in areas 
which local councils are proposing to make smoke 
control areas. The pamphlet explains simply what 
smoke control will mean to the household, the grants 
available to the householder and the advantages which 
smoke control will bring. 


Exhibition of German Measuring Equipment 


Aw exhibition of precision measuring equipment, 
made by Carl Zeiss (Oberkochen) and by M. Hensoldt 
and Soehne (Wetzlar) and mainly of interest to those 
working in the fields of engineering metrology and 
metallurgy, was held during March 9-14, in the 
showrooms of Degenhardt and Co., Ltd., at 6 Caven- 
dish Square, London. Although the equipment 
displayed consisted mainly of new versions of well- 
known measuring and observing instruments, their 
new look made careful scrutiny necessary in some 
instances before identification with one or other of 
their famous prototypes could be made. In general, 
no claims were advanced for enhanced accuracy of 
performance over previous attainments, but out- 
standing improvements have been made in such 
matters as ease of manipulation of controls and 
adjustments. These new features considerably reduce 
the strain of continuous observing and contribute to 
the readier achievement by the user of the full 
potentialities of accuracy available in well-designed 
instruments. Ease of control was especially notice- 
able in the microscopes, of which the ‘Ultraphot’ 
camera microscope and the smaller Zeiss photo- 
microscope are typical examples; in addition, each 
is provided with a built-in automatic camera, and 
exposure time is regulated photoelectrically. The 
‘Technoscope’, a binocular low-power microscope 
giving five different magnifications for the same 
working distance, has applications in the laboratory, 
the engineering workshop and the operating theatre. 
The range of engineering metrology equipment in- 
cluded the universal, tool-makers’, interference and 
light-section microscopes, optical dividing heads, 
rotary dividing tables, alignment telescopes and a 
number of smaller measuring aids and devices. 


Organization for European Economic Co-operation 
Courses on Nuclear Science 


THe European Nuclear Energy Agency of the 
Organization for European Economic Co-operation 
has arranged with the Atomic Energy Research 
Establishment at Harwell and the Centre d’Etudes 
Nucléaires at Saclay (France) for two international 
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courses on nuclear energy. Designed for the teaching 
staffs of universities and higher technical colleges, 
each course will accept about fifty applicants, who 
will have the opportunity to study the latest advances 
in nuclear science and techniques, to do certain 
practical work, and to visit nuclear installations. 
The costs of these courses, both of which will run 
during July 20-31, are being borne by the European 
Nuclear Energy Agency, and participants will only 
be required to pay travel and living expenses. 


The Night Sky in May 

NEw moon occurs on May 7d. 20h. 11m. v.T. and 
full moon on May 22d. 12h. 56m. The following 
conjunctions with the Moon take place: May 11d. 
14h., Venus 7° N.; May 13d. 03h., Mars 7° N.; 
May 22d. 06h., Jupiter 3° S.; May 24d. 21h., Saturn 
4° 8. In addition to these conjunctions with the 
Moon, Mars is in conjunction with Pollux on May 
21d. 06h., Mars being 5-3° S., and Venus with Pollux 
on May 3ld. 18h., Venus being 4-2° 8. Mercury is 
too close to the Sun for observation. Venus is an 
evening star, visible in the south-west after sunset. 
Conditions are very favourable for observation. 
Venus sets at 23h. 00m., 23h. 20m. and 23h. 25m. 
on May 1, 15 and 31, respectively ; its stellar mag- 
nitude is —3-7. Its distance decreases during the 
month from 104 to 82 million miles and the visible 
portion of the disk decreases from 0-734 to 0-607. 
Mars is moving eastwards among the stars and is in 
Gemini during May. It sets at 0h. 40m., Oh. 10m. 
and 23h. 35m. at the beginning, middle and end of 
the month, respectively. Its stellar magnitude 
decreases from +1-6 to +1-9 during the month, its 
distance from the Earth increasing from 173 to 
197 million miles. Jupiter rises at 21h. 00m., 19h. 
55m. and 18h. 30m. on May 1, 15 and 31, respectively, 
setting at 5h. 35m., 4h. 35m. and 3h. 20m. It is in 
Libra. The stellar magnitude of Jupiter is —2-1 ; 
its distance from the Earth on May 15 is approx- 
imately 410 million miles. Saturn is in Sagittarius, 
rising at Oh. 00m., 23h. 05m. and 21h. 55m. at the 
beginning, middle and end of the month, respectively. 
Its stellar magnitude is +0-5 and its distance 
approximately 870 million miles. The only occulta- 
tion of a star brighter than magnitude 6 is that of 
115 Tau, on May 10d. 20h. 08-3m. (disappearance 
at Greenwich). 


Announcements 

Lorp ROTHSCHILD is joining the Board of ‘Shell’ 
Research, Ltd., on May 1 as part-time adviser on 
research. He is an assistant director of research 
in. the Department of Zoology, University of Cam- 
bridge ; until recently, he was chairman of the 
Agricultural Research Council, a post he occupied 
for ten years. 

Dr. WattreR R. BEAM, manager of microwave 
advanced development in the Electron Tube Division 
of the Radio Corporation of America, has been 
appointed head of the Department of Electrical 
Engineering at Rensselaer Polytechnic Institute, 
Troy, New York. 

Aw English translation of the Astronomical Journal 
of the Academy of Sciences, U.S.S.R., issued in six 
parts annually, is being published by the American 
Institute of Physics in co-operation with the National 
Science Foundation, under the title Soviet Astronomy 
—AJ. The annual subscription is 25 dollars in the 
United States, or 27 dollars elsewhere, with special 
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rates for university libraries. Orders and inquiries 
should be addressed to Translation Journals—AJ, 
335 East 45 Street, New York 17. 


THE Glasshouse Crops Research Institute, Worthing 
Road, Rustington, Littlehampton, Sussex, will hold 
an open day on June 10. Particulars can be obtained 
from the Secretary of the Institute. 


A CONFERENCE on the Electric Are in Welding will 
be held at the University of Birmingham on June 25, 
Further information can be obtained from the 
Secretary, Department of Industrial Metallurgy, 
University of Birmingham, Edgbaston, Birming. 
ham 15. 


AN exhibition to commemorate the centenary of 
the death of Isambard Kingdom Brunel will be held 
in the main entrance hall of the Engineering Labor. 
atory, Trumpington Street, Cambridge, during May 
18—June 19, from 9 a.m. to 5 p.m. on weekdays and 
9 a.m. to 12 noon on Saturdays. The exhibition will 
consist mainly of drawings and photographs of 
Brunel’s principal works. 


An exhibition of photometric instruments and 
microscopes applicable to most industrial processes 
and almost every branch of medicine, science and 
research will be held during May 11-21 in the show. 
rooms of Degenhardt and Co., Ltd., United Kingdom 
agents for Carl Zeiss, at 6 Cavendish Square, London, 
W.1. Throughout the exhibition four technical 
experts from the Zeiss works at Oberkochen will be 
in attendance to give advice on the applications of 
the instruments. 


Tue Editorial Board of the Journal of Embryology 
and Experimental Morphology is sponsoring the fourth 
of its series of International Embryological Confer- 
ences at the Collége de France, Paris, during Septem- 
ber 21-24. Details of its organization and scientific 
programme will be available on June 1 and can then 
be obtained from Prof. EK. Wolff, Laboratoire 
d’Embryologie Experimentale, 49% Avenue de la 
Belle Gabrielle, Nogent-sur-Marne, France, or from 
Dr. L. Brent, Department of Zoology, University 
College, Gower Street, London, W.C.1, England. 


THE 1959 conference of the Operational Research 
Society will be held at the Old Swan Hotel, Harrogate, 
during June 10-12. The fee is £15. The object of 
the conference is to provide an opportunity to explore 
and discuss possible directions for the future develop- 
ment of operational research, particularly in the 
fields of communications and decision making. 
Copies of the programme and application forms can 
be obtained from the Secretary, Operational Research 
Society, 64 Cannon Street, London, E.C.4. 


Tue fourth International Conference on Ionization 
Phenomena in Gases will be held in Uppsala, Sweden, 
during August 17-21. The conference is being 
arranged by the University of Uppsala in collabora- 
tion with the Swedish National Committee for 
Physics. The main subjects will be: 1, fundamental 
processes in gas discharges; 2, high-frequency dis- 
charges ; 3, glow discharges; 4, are discharges; 5, 
spark discharges ; 6, high-temperature plasmas 40 
controlled fusion ; 7, instabilities and oscillations " 
gas discharges; 8, new methods of measurements. 
Abstracts, not longer than 350 words, should be 
received by June 15. Further information can be 
obtained from the secretary general, Dr. Ake Nilsson, 
Institute of Physics, Uppsala. 
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THE COMMONWEALTH ADVISORY COMMITTEE 
ON DEFENCE SCIENCE 


MEETING IN AUSTRALIA 


HE Commonwealth Advisory Committee on 

Defence Science exists to develop the mutual 
interest of the countries of the British Common- 
wealth in defence science. Formal meetings are held 
at two- to three-year intervals in various member 
countries. Continuity is given to the work, between 
meetings, by a permanent Working Party located in 
London. The Working Party is made up of per- 
manent representatives of member countries and is 
concerned with reviewing progress and planning for 
future meetings. 

To date, five official meetings have been held in 
addition to a preliminary informal meeting which 
was held in 1946. Two of the formal meetings have 
been held in London, one in India, one in Canada 
and one recently in Australia. 

Meetings are attended by senior officers from the 
Fighting Services and the Defence Scientific Services 
of the member countries, and it is an indication 
of the importance attached to the meetings that 
officers of the highest status are nominated as 
delegates. 

Credit for the creation of the Commonwealth 
Advisory Committee on Defence Science rests largely 
with Sir Henry Tizard, who held a prominent position 
in defence science in the United Kingdom during the 
post-war period. One of the first acts of the meeting 
held recently in Australia was to send him a cable 
of greeting. 

In proposing the preliminary or informal Con- 
ference which was held in 1946, the United Kingdom 
authorities suggested that the Conference might con- 
sider the distribution of defence research activities 
throughout the British Commonwealth so as to make 
the best possible use of the available and potential 
facilities and staff in each country. This has con- 
tinued to be a goal for succeeding Conferences. 

One of the decisions of the preliminary meeting in 
1946 was that there should be close collaboration 
with the United States of America in the work of the 
Committee. Its constitution as a Commonwealth 
body precluded the United States from becoming a 
member; but a close association has been main- 
tained, and at all meetings of the Committee American 
observers have been present by invitation and have 
made significant contributions to the discussions. 

The fifth official meeting of the Committee was 
held in Australia during the period of October 7-28. 
It was attended by some sixty delegates, approx- 
mately forty of whom were from overseas. Countries 
represented were Australia, Canada, India, New 
Zealand, Pakistan, South Africa and the United 
Kingdom, and in addition, a party of observers from 
the United States of America attended. 

On this occasion Ceylon, the Federation of Rhodesia 
and Nyasaland, Ghana and Malaya were unable to 

represented but are being kept informed of the 
Conference discussions. 

On this occasion the general chairman of the 
meeting was Sir Leslie Martin, defence scientific 
adviser and chairman of the Defence Research and 


Development Policy Committee in Australia. Dele- 
gations, which were comprised of senior representa- 
tives of the Fighting Services and the Defence 
Scientific Services of the member countries, were led 
by: Australia, Mr. W. A. S. Butement, chief 
scientist, Department of Supply ; Canada, Dr. J. L. 
Keyston, vice-chairman, Defence Research Board ; 
India, Brigadier Y. B. Gulati, director of weapons 
and equipment, Army Headquarters ; New Zealand, 
Dr. C. D. Ellyett, Defence Science Advisers Com- 
mittee; Pakistan, Dr. Mohammed Afaf, senior 
scientific officer, Defence Ministry; South Africa, 
Dr. S. Biesheuval, director, National Institute for 
Personnel Research; United Kingdom, Sir John 
Carroll, deputy controller, Research and Develop- 
ment, Admiralty ; United States (observers), Mr. 
J. B. Macaulay, deputy assistant secretary, Research 
and Engineering, Department of Defense. 

In planning the meeting, it was considered im- 
portant that while full opportunity should be given 
for adequate Conference discussions, there should 
also be the opportunity for delegates to obtain a 
broad picture of defence science activities in Aus- 
tralia. This would also provide the occasion to see 
something of the geography and general development 
of the country. 

To achieve these objectives, the itinerary provided 
for arrival of delegates in Sydney, the official opening 
in Canberra, the main business sessions to be held in 
Melbourne and Adelaide and for visits to be made to 
places of scientific service and general interest. This 
itinerary involved some 3,000 miles travel by air 
and, therefore, introduced problems of organization, 
but the results were such that the effort was con- 
sidered well worth while. 

The Conference was opened by the Prime Minister 
of Australia, the Hon. R. G. Menzies, in Canberra on 
October 7. In his address, Mr. Menzies directed 
attention to two points which were important in 
relation to the social implications of defence science. 
He commented that, because of the glamour attached 
to the subject at the present time, there was a ten- 
dency for the public to think of defence science as 
being concerned solely with new and revolutionary 
developments of a most complex character. While 
much of the work was, of course, of this nature, he 
as a layman was most impressed in studying the 
Conference agenda to find that there was still a 
great deal of research to be carried out on such 
everyday items as food, clothing and the weather. 

The other point which Mr. Menzies commended to 
delegates was that defence science was being pre- 
sented to the public in a way which caused them to 
feel that these very great efforts were being made 
solely for military purposes and were, therefore, very 
largely of a destructive character. He considered 
that this was far from the truth, and he was of the 
opinion that there were few defence scientific develop- 
ments of recent years where the potential application 
for civil purposes was not of far greater importance 
than the military application. 
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delegation, in a public address, referred to Woomera 
as the outstanding example of defence  sciencs 
co-operation in the Free World. 

Because of the importance attached to seeing at 
first hand something of the scientific work proceeding 
in Australia, several visits were arranged to scientific 
and appropriate Service establishments. Included in 
these were the Aeronautical Research Laboratories 
the Defence Standards Laboratories, the Weapons 
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The agenda was made up of some seventy tech- 
nical papers in addition to the reports of the sub- 
committees on Service psychology and defence food 
research and the group on agricultural aspects of 
defence science. The papers were circulated in 
advance, and at the Conference they were introduced 
briefly by named delegates and then discussed by 
the whole meeting. The papers fell largely in the 
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broad fields covered by the above groups and in the 
fields of career development, telecommunications, 
tropical warfare, weapons testing, naval research 
cold-weather operations, effects of high-level noise 
and the effects of nuclear weapons. However, in 
addition, there were many individual papers outside 
these groups. 

The subject of tropical warfare was one of special 
interest to several of the countries represented, in 
that their territories embraced large areas of tropical 
terrain. Numerous papers were discussed, ranging 
from the effect of the environment on the soldier and 
his equipment, the need for more efficient vehicles 
and aircraft for use in tropical areas, mental stress 
under tropical conditions, navigation and com- 
munication in the jungle, clearance of vegetation, 
corrosion in the tropics, etc. 

The weapons-testing theme covered the biggest 
group of papers discussed at the Conference. The 
subject was interpreted in its broadest sense, aero- 
planes, for example, being treated as weapons. This 
theme was of great interest to Australia, where two 
of the major defence science activities, namely, the 
Woomera Missile Testing Range and the Maralinga 
Atomic Testing Range, are both concerned very 
largely with the testing of weapons. 

In particular, the Woomera project was discussed 
in some detail. Numerous papers dealing with the 
equipment of the Range, various aspects of the trials 
work and the processing of the results were con- 
sidered. The discussions were supplemented by a 
comprehensive visit to Woomera, when the facilities 
were examined in detail and missile trials were 
witnessed. 

While at Woomera, delegates inspected the missile- 
tracking station which had been established as part 
of the International Geophysical Year programme. 

The visit to Woomera was of particular interest to 
delegates. The basic conception of this project arose 
largely from the early discussions by the Common- 
wealth Advisory Committee on Defence Science, and 
it was a matter of considerable satisfaction to dele- 
gates to see the very tangible result that had been 
produced. Sir John Carroll, leader of the British 


AUTOMATIC REDUCTION 


VER the past two decades there has been a 
rapid increase in the use of automatic photo- 
graphic and electronic techniques for recording 
experimental results. As a result, the number of 
measurements made need no longer be restricted by 
fatigue in the experimenter, and sets of results con- 
taining millions of measurements are not uncommon. 
The rate at which results can be accumulated is now 
so great that the individuals responsible for setting 
up the equipment can no longer assimilate the 
information at the rate at which it is produced. This 
problem can be overcome to some extent by arranging 


Research Establishments at Salisbury and the testing 
range at Woomera, the Maralinga Atomic Testing 
Establishments and the Edinburgh and Woomera 
Royal Air Force Establishments. 

Quite apart from these visits, it was felt that it 
would be of interest for delegates to be given oppor- 
tunities of seeing something of the country and of 
work proceeding in other technical fields. For this 
purpose, a two-day visit was arranged to the Snowy 
Mountains Scheme in the south-eastern corner of 
Australia. This is the largest engineering under. 
taking in Australia, and can compare in magnitude 
with the largest undertakings in other parts of the 
world. Although primarily concerned with the con- 
servation of water by means of river diversion and 
large-scale storage, it is also a major generator of 
electric power, having a potential capacity of some 
2,000,000 kW. 

Numerous opportunities were included in the pro- 
gramme to enable delegates to meet Australians in 
many walks of life. Delegates were honoured by 
being entertained to lunch by the Government of the 
Commonwealth and by being received by the 
Governors of Victoria and South Australia and by 
the Lord Mayor of Melbourne. In addition to such 
official functions, several pleasant informal fune- 
tions including visits to places of interest and 
private entertainments were arranged—visits to 
outback sheep stations and to the Andamooka opal 
fields. 

At the close of the Conference, delegates were 
unanimous that it was one of the most successful 
held to date. The tangible results are, of course, a 
series of recommendations arising from three weeks 
of intensive discussions. These recommendations are 
for the guidance of member countries ; they will be 
submitted to the respective governments for ratifica- 
tion, when they will become a valuable guide to 
defence science policies. The other result of the 
Conference is the intangible one arising from the 
friendships established between delegates and the 
mutual appreciation of the special problems faced by 
member countries. Lestre Martin 


OF GEOPHYSICAL DATA 


the programme of analysis in such a way that’ the 
reduction of data can be dealt with by semi-skilled 
staff. 

Nowadays even this solution is often inadequate. 
Not only is it difficult to find suitable staff, but also 
many of the investigations require the analysis of 
data on a scale so great as to be beyond the capabilities 
of a team of individuals. The problem is particl- 
larly acute in the field of geophysical research, 
where very large quantities of results are frequently 
produced in the course of field work of many 
kinds. 
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The automatic reduction of geophysical data was 
the subject of a Geophysical Discussion organized by 
the Royal Astronomical Society and held on January 
93 under the chairmanship of Sir Edward Bullard. 
Although the discussion was not primarily concerned 
with the results of the International Geophysical 
Year, it was appropriate that it should have been 
arranged at a time when many individuals must be 
iving consideration to the study of the unpre- 
cedented wealth of new information obtained during 
the preceding eighteen months. 

Sir Edward opened the discussion by pointing out 
that a single measurement made in each degree 
square of the Earth’s surface would amount to a 
total. of nearly 70,000 readings, and that facilities for 
handling large numbers of data are almost essential 
in many types of geophysical work. Even in mobile 
experiments it was most desirable to arrange, if at 
all possible, for the results to be recorded directly in 
digital form. This saved a great deal of time later, 
since it avoided the need for manual punching on 
tape or cards, and it frequently made it possible to 
record data at a rate which would not be possible by 
other methods. 

Sir Edward described his recent voyage in Dis- 
covery II, in the course of which 90,000 magnetic 
readings were made near the Azores. The results 
were recorded directly on punched tape together with 
other essential information which would be needed 
during the reduction stage. These included the date, 
time, records of clock adjustments and range changes 
and also the ship’s position and heading. The pro- 
gramme for the computer was written in such a way 
that the whole reduction process could be dealt with 
inone stage. As the principal objective of the work 
was the study of small irregularities in the Earth’s 
field, it was arranged that the regular component of 
the field should be removed as part of the computer 
programme. 

Mr. R. H. Merson (Royal Aircraft Establishment) 
described some investigations of the orbits of 
artificial Earth satellites. The original aim of the 
work was to predict the times of future transits in 
order to enable more accurate positional data to be 
recorded. Later, it was found possible to gain 
valuable geodetic information from the results. The 
approximate size and shape of the orbit are first 
determined on a desk calculator. This orbit is then 
adjusted by successive approximations, using a 
digital computer, to give a least-squares fit with all 
the available observational information. 

The accuracy of the observations is such that it 

been possible to derive new values for the 
coefficients J and D in Jeffreys’s expression for the 
Earth’s gravitational potential and to make deduc- 
Sous concerning atmospheric drag on satellites. 

The prediction of future transits of Earth satellites 
tequires the rapid processing of incoming data if the 
results are to be produced in time to be of use. The 
conditions under which weather forecasts are pro- 
duced are similar and provide an obvious reason for 
the use of a digital computer. Mr. G. A. Corby 
(Meteorological Office) discussed preliminary tests on 
the preparation of numerical forecasts with the aid 
of a computer. Barometric pressure and wind-speed 
measuroments are received on ta in a variety of 
codes at a rate of about 100,000 a day and, to 
Save time, the incoming tapes are decoded in the 
computer before being used for further processing. 

® object is to construct a contour map, showing 
the height of a constant-pressure surface over Europe 
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and the North Atlantic, which accurately represents 
the observational data. In the least-squares fitting 
process, it is necessary to minimize the differences 
between the observed and calculated values of both 
pressure and wind speed. An additional requirement 
is that in the determination of the contours for any 
area, maximum weight must be given to the data 
from the nearest weather stations. The speed and 
accuracy with which the forecasts can be produced 
by automatic methods are satisfactory even though 
the techniques are still in the development stage. 

Mr. M. H. P. Bott (University of Durham) dis- 
cussed the use of a digital computer for determining 
the extent of geological formations from surface 
gravity anomalies. The anomaly due to a model 
consisting of a series of vertical rectangular prisms 
of arbitrary depth has been calculated. In the study 
of a particular formation the procedure adopted is to 
define a model which leads to the same calculated 
anomaly as that observed in the area under investi- 
gation. Providing the density of the formation is 
known, the form of the lower surface can be determ- 
ined uniquely by this method. The technique has 
been successfully used on the Triassic rocks in 
Dumfries. 

Dr. D. C. Martin (Royal Society) outlined briefly 
the arrangements which had been made for the 
collection of data during the International Geo- 
physical Year. Full sets of data would be held in 
World Data Centres and selected data would be 
published in Annals of the International Geophysical 
Year. Although no plans had been made in advance 
for the automatic processing of the whole of these 
data, it seemed likely that much of the information 
would eventually be dealt with by machine methods. 

Mr. M. J. Tucker (National Institute of Oceano- 
graphy) discussed various techniques used in the 
spectral analysis of geophysical time-series with 
particular reference to the study of sea waves. 
Although the analysis can be carried out by deriving 
the Fourier components of the wave motion, it is 
often more satisfactory to express the results in 
terms of the power spectrum or the autocorrelation 
function. 

Proposals for the application of a digital computer 
to the forecasting of the future behaviour of the 
ionosphere were outlined by Mr. C. M. Minnis (Radio 
Research Station). Present intentions are to represent 
the characteristics of the F2-layer in terms of a 
family of linear functions of solar activity based on 
all the past observational data. This can be achieved 
to @ satisfactory degree of accuracy if an ionospheric 
index is used to represent solar activity. The inter- 
cepts and slopes which define the linear relations 
would be stored in a digital computer and those 
needed to make a forecast for a specified location, 
season, time of day and level of solar activity would 
be selected and used in conjunction with other data, 
in the later stages of the calculations. It is hoped 
that by this means it will be possible to make fore- 
casts of a more practically useful type than those 
made using standard manual methods. 

In many types of geophysical investigation the use 
of an automatic digital computer is almost essential 


if accurate results are to be produced quickly, but it 


- must not be assumed that this is always so. Three 


speakers referred to work which was being carried 
out successfully and economically by other methods. 

Mr. A. Dennison (British Petroleum Company) 
described the echo method for the exploration of 
underground geological formations and the difficulties 
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associated with the usual ‘single spot’ method of 
recording the results. Variable-density and variable- 
area recording had also been tried and the resulting 
records, when suitably displayed, could give a 
striking visual picture of the density variations in 
the underlying structures without any of the com- 
putations normally associated with echo soundings. 
The analysis of Earth tide records obtained using 
Milne-Shaw pendulums was explained by Mr. G. W. 
Lennon (Liverpool Observatory and Tidal Institute), 
who enumerated reasons why a digital computer 


would not be appropriate in this type of work. For 
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example, the removal of spurious diurnal and semi- 
diurnal oscillations would be difficult to programme 
for a computer, quite apart from the impossibility of 
producing long records without discontinuities. 
Finally, Mr. H. M. Iyer (National Institute of 
Oceanography) referred to the lack of interest in the 
study of microseisms. If properly analysed they 
could yield useful information, and Mr. Iyer described 
experimental equipment which had recently been 
developed for the automatic recording of several 


statistical characteristics of microseisms. 


C. M. Minnis 


CHEMISTRY OF CONDENSED TANNINS 


‘HE Plant Phenolics Group held a meeting on 

“The Chemistry of Condensed Tannins” at Queen 
Elizabeth College, University of London, on January 
6 under the chairmanship of Prof. R. D. Haworth 
(University of Sheffield). More than sixty members 
and guests were present. 

In the opening paper on “Acid-catalysed Polymer- 
ization of Phenolic Compounds”, Dr. B. R. Brown 
(Oxford) briefly summarized past work on this 
subject and indicated a possible reaction mechanism. 
p-Methoxybenzyl alcohols condense with phenols 
preferentially in a position para to a hydroxyl group 
to yield diphenylmethanes. A suitably substituted 
flavan, for example 4’-methoxyflavan, undergoes 
this condensation via ring-fission. Condensation of 
4’-methoxyflavan with 7-hydroxyflavan yields a 
compound containing two flavan units the structure 
of which is based upon the known para-orientation 
of these reactions. 

The importance of flavan-3:4-diols in tannin 
chemistry has led to an investigation of flavan-4-ol, 
which condenses with phenols, and with 7-hydroxy- 
flavan yields a flavan ‘dimer’ isolated as the crystal- 
line acetate. 

These condensations, like the acid-polymerization 
of catechin, require high acid concentrations and it 
is unlikely that they are involved in the conversion 
of catechins into tannins in plants. This work aims 
at establishing the structural details of this con- 
densation and at, producing ‘polymers’ of known 
structure which can be used for the trial of new 
degradative methods, which may also be valuable 
for the degradation of condensed tannins. 

Dr. D. E. Hathway (British Leather Manufac- 
turers’ Research Association), in a paper entitled 
“Oxidative Polymerization Mechanisms for Cate- 
chins’’, first briefly reviewed the chemistry of the 
oxidation of o- and p-dihydroxy- and vic-trihydroxy- 
phenols, which he illustrated by reference to the 
synthesis of the mould metabolite atromentin, to 
the formation of purpurogallin and the synthetic 
melanins, and to the transformation of gallates into 
ellagates. Possible mechanisms for the oxidation of 
coniferyl alcohol by laccase, and their relevance to 
lignin and lignan formation were also discussed. 

Studies on the oxidation of (+ )-catechin in aqueous 
and non-aqueous media and on the autoxidation of 
flsvans related to catechin confirm that autoxidation 
of catechin to a polymer (catechin-tannin) proceeds 
via the corresponding o-quinone followed by inter- 


molecular C—C linkage. The evidence suggests that 


the most likely linkage is between the 8-carbon of 
one molecule and the 6’-carbon of the second. The 
isolation, albeit in small yield, of m-hemipinic acid 
by oxidative degradation of the methylated reduced 
polymer substantiates this supposition. Further 
confirmation for the presence of head-to-tail units in 
the polymer was obtained from a study of the 
autoxidation and the enzymic oxidation of mixed 
substrates which resemble the head and tail of 
(+)-catechin. Enzymic oxidation by mushroom, 
potato and tobacco polyphenoloxidases proceeds at a 
faster rate and lower temperature than the autoxida- 
tion of catechin, and gives a product precisely 
similar to the autoxidation polymer. 

The heartwood of Acacia catechu and the leaves of 
Uncaria gambir contain considerable quantities of 
(—)-epicatechin and (-+-)-catechin, respectively. The 
isolation, therefore, of purified tanning fractions in 
good yield from these sources, with properties similar 
to the autoxidation and enzymic oxidation polymers 
of catechin, strongly suggests that these tannins are 
formed from epicatechin and catechin, respectively, 
by the above mechanism. ; 

Studies on the formation of oak-bark tannin 
indicate that (-+)-catechin, (-+)-gallocatechin and 
leucodelphinidin, which are formed in the leaves, are 
translocated via the sieve-tube system of the phloem 
to the cambium, where preferential enzymic oxidation 
of the pyrogallol phenols occurs. The resulting 
tail-to-tail polymer is stored in the bark. — The 
remaining tannin action of the bark can be attributed 
to the occurrence of complex leucoanthocyanins. 

In a paper on “Oxidative Condensation in Tea 
Fermentation”, Dr. E. A. H. Roberts (Indian Tea 
Association) said that, according to Hathway and 
Seakins, oxidation of (+)-catechin is followed by 4 
condensation between the catechol-o-quinone group 
of one molecule and the phloroglucinol ring of 
another. If phloroglucinol is added to an enzyme- 
catechol system, different intermediate- and end- 
products are formed, indicating a condensation of 
o-benzoquinone with highly active phloroglucinol. 
Oxidation of pyrogallol to purpurogallin, however, is 
not affected by the presence of phloroglucinol, which 
illustrates the very high reactivity associated with 
the hydroxy-o-benzoquinone system. § Enzymic 
oxidations of (—)-epigallocatechin and its gallate are 
similarly unaffected by the addition of phloroglucinol, 
but the addition of pyrogallol to these systems yields 
derivatives of purpurogallin (flavanotropolones). 
These observations suggest that, following oxidation 
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of the galloecatechins, a condensation takes place 
between the pyrogallol groups of two separate 
molecules. 

Gallic acid and pyrogallol will not condense to 
fom purpurogallincarboxylic acid unless both sub- 
stances are Oxidized, and this suggests that in the 
gallocatechin series the condensation takes place 
between two oxidized molecules. This is supported 
by the results of a study of the conditions required 
for the formation of purpurogallin. 

The oxidations of (—)-epigallocatechin and its 
gallate are followed by a linkage of two molecules of 
the resultant o-quinones to form the o-quinone of a 
bisfavanol with the two pyrogallol groups joined by 
a C—C linkage. Further condensations of this type 
are excluded on steric grounds, and it is suggested 
that the primary condensation products undergo 
either oxidation or reduction. Reduction leads to 
the formation of one of three possible bisflavanols, 
whereas oxidation, if a galloyl group is present, could 
lead to the formation of one of two purpurogallin 
derivatives. The available evidence supports the 
view that the theaflavins of black tea have these 
structures. [ 

Prof. K. Freudenberg (Heidelberg) said that the 
term leucoanthocyani(di)n was a misnomer for those 
naturally occuring substances which on treatment 
with hot mineral acid either under aerobic or anaerobic 
conditions yield anthocyanidins. He proposed that 
they be named either ‘pre- or pro-anthocyanins’. 

Dr. T. Swain (Low Temperature Research Station, 
Cambridge), in introducing his paper on “Methods 
for the Investigation of Complex Leucoanthocyanins”’, 
also referred to the confusion in the nomenclature 
of leucoanthocyanins. He suggested that leuco- 
anthocyanins of known structure be called by their 
systematic name, whereas polymers and co-polymers 
of hydroxyflavans (‘flavols’) be known as ‘flavolans’. 
Those flavolans which yielded anthocyanidins on 
treatment with hot mineral acid would be known as 
‘flavylogens’. Dr. Swain then described methods for 
separating polymeric leucoanthocyanins into size 
groups and for analysis of their end groups. 

Mr. W. E. Hillis (Division of Forest Products, 
Commonwealth Scientific and Industrial Research 
Organization, Australia), in his paper on the formation 
of condensed tannins in plants (read by Dr. E. C. 
Bate-Smith), recalled the probable role of shikimic 
acid and related alicyclic acids in the biosynthesis of 
polyphenols. Shikimic acid is present in appreciable 
quantities in the actively proliferating cambium of 
eucalypts. A linear relation exists between the 
amounts of shikimic acid and the weights of enlarging 
leaves of young Hucalyptus sieberiana trees, but this 
relationship does not hold for the fully-grown leaf ; 
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later the amount of shikimic acid in mature leaves 
diminishes with age. The final stages of the bio- 
synthesis of shikimic acid can occur in the dark, and 
therefore shikimic acid present elsewhere in the tree 
need not necessarily originate in the leaves. The 
distribution of shikimic acid in leaves differs from 
that of the soluble polyphenols. 

Comparative studies of the polyphenols in the 
cambium, sapwood and heartwood of three Eucalyptus 
species revealed the same general pattern of poly- 
phenols, but shikimic acid was absent from the 
heartwood and only traces occurred in the developing 
sapwood. Catechin was less in the heartwood, 
whereas ellagic and gallic acids increased. On the 
basis of these facts a possible scheme for the bio- 
synthesis of the heartwood polyphenols was outlined. 

Mr. Hillis recalled that he had previously suggested 
(Society of Leather Trades Chemists Symposium on 
Vegetable Tannins, 1956, p. 127) that as certain 
tannins contain appreciable amounts of polymeric 
leucoanthocyanins, monomeric forms, originating in 
the leaves, could be the precursors of these sub- 
stances. Present information, however, favours the 
formation of heartwood leucoanthocyanins in situ. 
Adaptation of the leucoanthocyanin reaction has 
enabled the distribution of leucoanthoeyanins in 
plant tissues to be studied by means of coloured 
photomicrographs. 

In dealing with flavans of the resorcinol series in 
relation to the chemistry of commercially important 
condensed tennins, Dr. D. G. Roux (Leather Indus- 
tries Research Institute, Grahamstown, South Africa) 
said that an examination of previous work on wattle 
and quebrecho extracts indicated that no direct 
evidence had been provided for the occurrence of 
catechins or flaven-3: 4-diols as basic units in the 
corresponding tannins. The stereochemistry of 
the recently isolated black wattle catechin ( — )- 
3:7:3’; 4’: 5’-pentahydroxyflavan and ( — )-7: 3’: 
4’-trihydroxyflavan-3 : 4-diol of quebracho heart- 
wood was discussed. The progress of condensa- 
tion of these compounds in the wood was examined 
by anthocyanidin formation, by number average 
molecular weights and by tannin analyses on radial 
and vertical drillings. These methods afford possible 
biochemical evidence of the presence of leucoantho- 
cyanidins as intact flavan-3:4-diol units in these 
condensed tannins. The mode of cross-linkage in 
these condensed tannins must allow for its labile 
nature. 

The chairman encouraged a vigorous discussion 
at the end of each paper, and among those participat- 
ing were Drs. White and King (Forestal Central 
Laboratories), Bate-Smith, Thompson and Whalley. 

J. W. T. Seaxrins 


BAMBOOS AND NUTMEGS 


WO important taxonomic studies have recently 

been published in The Gardens’ Bulletin (Singa- 
pore, 16, 1958), namely, ‘‘Bamboos of Malaya” by 
R. E. Holttum, and “A Revision of the Malayan 
Myristicaceae”’ by J. Sinclair. 

Holttum has pointed out that the classification of 
the bamboos, as of other Gramineae, is based on 
inflorescence, flower and fruit characters ; and in so 
far as such work tends to be done in herbaria, remote 
from the tropical collecting grounds, much information 


that would be of great use to the field botanist fails 
to be included. In fact, what the field botanist mostly 
sees are bamboos not in flower. Hence the value of 
vegetative characters, in particular the culm-sheaths, 
in field observations. This, indeed, is the kind of 
information possessed by the Malays, by whom the 
many kinds of bamboo are put to manifold domestic 
and other uses. Accordingly, in the present very full 
and informative work, classifications based on both 
vegetative and reproductive characters are given, 
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together with many excellent line drawings. Botanists 
and foresters will note with interest an observation 
on the flowering of bamboos in Malaya. In the 
equable climate which prevails there, the simultance- 
ous, gregarious flowering of single species in particular 
areas, sometimes at intervals of several years, which 
is a well-known phenomenon in India, apparently 
does not occur. On the contrary, the native Malayan 
species can continue to grow indefinitely, flower 
sporadically from time to time, or in some instances, 
flowering a little almost continuously ; the gregarious 
dying-back after a heavy flowering, as in India, is at 
most only an occasional feature of the Malayan scene. 
Among others, an item of considerable interest is @ 
close analysis and comparison of the inflorescences 
in bamboos and grasses. 
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In revising the Myristicaceae, Sinclair has pointed 
out that a regional flora of this group, as, indeed, of 
any other group, is likely to be unsatisfactory unless 
it is seen against the considerably wider background 
of the species present in the whole of the adjacent 
Malaysian region. Thus, many species formerly 
considered to be confined to Malaya are now known 
to occur in Sumatra and Borneo. The difficulties 
encountered in the systematic treatment of the 
group are discussed. In the present revision, 53 
species, 5 varieties and 1 form are described, whereas, 
in Ridley’s “Flora”, the equivalent numbers wer 
45 species and 4 varieties. Six new species are 
described. The text is well illustrated with line 
drawings and with photographs showing bark 


characters. 


AMERICAN ARACHNIDA 


een spider family Dictynide has only recently 
been separated from the allied Amaurobiide, 
and its North American species are here revised and 
described. It is a family of world-wide distribution, 
with more than thirty genera and three hundred 
species, predominantly found in the north temperate 
zone, A dozen are British. 

The spiders themselves are small spinners of 
cribellate webs in a variety of situations, and are 
unusual in that many species are gregarious, living 
together in very large numbers. In some areas in the 
States their thick communal webs choke ornamental 
conifers and evergreens and so give the spiders an 
economic importance. Their general habits and mode 
of life are but little known, and of their courtship and 
mating even less has been described. As a whole they 
seem to belong to the spring and summer, at which 
season alone males are to be found. The females lay 
only a few eggs, enclosed in lenticular cocoons, which 
are hung in the webs. 

A recent paper by Prof. R. V. Chamberlin and 
W. J. Gertsch* describes eight American genera and 
159 species, 119 of which are placed in the genus 
Dictyna. All these are fully described with the close 
attention to detail that modern arachnology requires, 
and distribution maps are added for many of the 
commonest species. The paper ends with 47 plates, 
carrying more than 600 admirable drawings, the work 

* Bulletin of the American Museum of Natural History. Vol. 116, 
Article 1: The Spider Family Dictynidae in America North of Mexico. 
By Prof. Ralph V. Chamberlin and Willis J. Gertsch. Pp. 1-152+ 


plates 1-47. (New York: American Museum of Natural History, 
1958.) 3.50 dollars, 


of Miss Marjorie Statham, whose artistry has enriched 
so many recent publications from the American 
Museum of Natural History. 

It is obvious that this is one of the most painstaking 
revisions of a family of spiders that has appeared in 
recent years, and the authors must be congratulated 
on their achievement. At the same time its true 
significance can be properly judged only if two other 
points are mentioned. The first is that the authors 
themselves describe the revision as “‘still in many 
ways a preliminary one’’, since very large collections 
of Dictynide are now held both in New York and 
Utah. Here is an indication of the amount of 
systematic work which even a single family of spiders 
may involve. 

The second point is that this paper recalls others, 
comparable if not quite so large, lately published in 
the Bulletin of the American Museum of Natural 
History. Dr. Levi’s revision of the genus Enoplo- 
gnatha and Dr. Muma’s survey of American Solpugida 
are conspicuous examples. These have been supple- 
mented by the smaller but no less desirable 
publications in the lively series, now some two 
thousand in number, called American Museum 
Novitates. No fewer than twenty-six of these, all 
dealing with the systematic side of arachnology, 
have come into my laboratory during the past few 
years. Obviously, there is a vigorous and fertile 
school of arachnology in America, which is taking its 
share, and more, in the very considerable task of 
ordering the Arachnida of the world in a coherent, 
reliable and accurate system. THEODORE SAVORY 


OXYGEN AS A PREREQUISITE TO THE ORIGIN OF THE METAZOA 


By Dr. J. R. NURSALL 


Department of Zoology, University of Alberta, Edmonton, Alberta 


URING recent years there has been a revival 
of interest in the problems of the origin of life. 
This has led to speculation and experimentation, 
mostly along biochemical and_ biophysical lines. 
Less attention has been focused on the problems of 
the next steps in organic evolution, namely, those 


attending the diversification of primitive living forms 
into the kingdoms of organisms recognized to-day. 

One of the important questions concerns the sudden 
appearance of highly organized metazoans in the 
fossil record. To state this more specifically : Why 
are there no fossil records of animal life from earlier 
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riods than the Cambrian, the lower reaches of which 
are characterized by trilobites ? These are far too 
complex to have been the first animals that appeared 
on Earth, yet we have no traces of primitive ancestors 
to them. In Pre-Cambrian rocks there have been 
found some things that may be fossil sponge spicules 
and worm burrows, but that is about all. Various 
theories have been advanced to explain the lack of 
Pre-Cambrian fossils’, but none is really satisfactory. 
However, the general intimation is that a long period 
of animal evolution must have occurred prior to the 
appearance of the trilobites, even although no traces 
remain. Recently Axelrod® postulated that the late 
Pre-Cambrian fauna might have developed in the 
littoral and immediate shore areas of the seas ; these 
areas are subject to rapid and drastic erosion, a cir- 
cumstance which does not favour the fossilization 
and preservation of their inhabitants. Hence Pre- 
Cambrian fossils should be rare, but they ought to 
exist. Axelrod suggests that particular care be used 
in seeking Pre-Cambrian deposits that can be identi- 
fed as having originated in shallow seas, and that 
careful examination be made for the fossil remains of 
microscopic animals. 

I wish to suggest that the lack of faunal remains in 
Pre-Cambrian deposits indicates the non-existence 
of a metazoan fauna for the greatest part of that 
period. I agree with Cloud* that there was a rapid 
(tachytelic) diversification of metazoans in late Pre- 
Cambrian times, and with Axelrod that the early 
forms were probably minute. But I wish to argue 
that the rapid diversification and increase in numbers 
was brought about by one specific ecological change, 
namely, by the addition to the environment of a 
surplus of free oxygen. To support this point of view 
the following facts and considerations can be 
marshalled. 

In Pre-Cambrian rocks, fossil algze have been found 
which precipitated calcium carbonate about them- 
selves in various manners. Of these, Collenia is the 
best-known genus. One supposed alga, Coryciuwm 
enigmaticum Sederholm, is of Archzan age which, if 
the correlation cited by Rankama* is correct, makes 
the organism 900—1,200 million years old’. In addition 
to such named forms, sporadically occurring carbon 
deposits have been taken to indicate that life was 
present and abundant in some Pre-Cambrian times, 
although of what form or degree of development we 
do not know. 

It is, I think, generally considered that the early 
atmosphere of the Earth was reducing. Molecular 
oxygen was foreign to the environment, having been 
used up in inorganic oxidations. Various chemical 
reactions have been proposed to explain the advent 
of oxygen in the atmosphere, bat the activities of 
green plants seem to offer the best explanation of its 
presence. 

The exciting advances made during the past couple 
of decades in the biochemistry of photosynthesis have 
demonstrated hew chlorophyl molecules could have 
been built up from inorganic substances through 
organic substances such as glycine and succinic acid 
© protoporphyrins and finally complex porphyrin 
compounds*, Photosynthetic reactions could originate 
anzrobically, with oxygen being produced through the 
photolysis uf water. 

Isugvest the following steps as a possible sequence 
of events. “ae primitive forms of life were hetero- 
ttophes. absorbing as their nutrients organic sub- 
stances dissolved in the seas in which they lived. 
These heterotrophes may have been of several origins 
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and existed in various habitats. Their subsequent 
evolution would involve considerable ‘experimenta- 
tion’ in efficiency of anzrobic metabolism. The next 
step was the development of protochlorophylls by 
certain types of organisms which would allow the 
utilization of the energy of sunlight for the reduction 
of carbon dioxide and its fixation in the form of 
carbohydrates. The organisms with this ability had 
thus become autotrophic. If, as has been suggested 
by several authors, the dissolved organic substances 
of the seas were becoming depleted after millions of 
years of forage by heterotrophes, these autotrophes 
possessed a competitive advantage, namely, freedom 
from dependence on these substances. They spread 
rapidly throughout the seas of the Earth. With them 
went an increasing concentration of an excretory 
product, oxygen. Oxygen spread through the waters 
and, by diffusion, into the atmosphere above the 
waters, 

The development of the autotrophes ensured the 
survival of some heterotrophes as predaceous or 
carrion-feeding forms. The specialization and spread 
of autotrophic forms took further millions of years as 
the process of photosynthesis was improved. This 
would be the period of development and deployment 
of alge. During this time, supported by these plants, 
there also lived a nondescript assemblage of hetero- 
trophes. The heterotrophes were probably extremely 
small, perhaps in the form of colloidal aggregates. Of 
these as yet there has been found no identifiable 
trace. 

Not until the concentration of oxygen in the 
hydrosphere and atmosphere reached a level at which 
it became a constant part of the environment did it 
exert a significant effect on the evolution of the 
heterotrophes. That is to say, not until there was 
more than enough oxygen present to take care of the 
continuing demand of inorganic oxidations was there 
sufficient to enable organisms to utilize it meta- 
bolically. To reach this level of free oxygen required 
the passage of vast periods of time. Not until the 
late Pre-Cambrian was this condition reached, but 
once oxygen became a constant element in the 
environment, oxidative metabolism with its advan- 
tages rapidly became established. Both hetero- 
trophes and autotrophes could partake of these 
advantages. A variety of primitive forms could 
respond to the altered environment by using the new, 
more efficient method of extracting energy from their 
food. The consequence of such metabolic improve- 
ment was the development of metazoan and meta- 
phytic forms through tissue differentiation. It is 
interesting to note that the fossil record indicates 
that animals developed earlier into varieties of 
complex forms than did plants. This suggests that 
some environmental factor was of more immediate 
use to animals than to plants. Oxygen was just such 
a factor. 

To summarize, I suggest that (1) the lack of Pre- 
Cambrian metazoan fossils can be explained primarily 
by the assumption that there were few metazoans to 
be fossilized ; (2) the addition of free oxygen to the 
environment as a constant feature only some 600 
million years ago initiated a tachytelic development 
of metazoans (Urey gives 800 million years ago as 
the latest time to which a reducing atmosphere could 
have persisted’); but the amount of free oxygen 
required to initiate oxidative metabolism as a pre- 
requisite of life may well have been much more than 
that required to enter inorganic reactions, so one can 
picture a period of, say, 200 million years during 
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which*’there existed barely minimal conditions for 
partially oxidative life; (3) life spent 1,000 million 
years or more becoming organized anzrobically in 
the pre-Cambrian seas. This stage ended about 600 
million years ago when the concentration of free 
oxygen reached a level sufficiently high to make it a 
constant feature of the environment; this enabled 
some organisms to undertake oxidative meta- 
bolism. The subsequent abundance and diversity 
of metazoan life formed the fossil record as we know 
it. 
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I am indebted to Dr. Hans Kalmus for many 
stimulating and clarifying comments made during the 
time these ideas were being put in order. 


1 Raymond, P. E., Bull. Geol. Soc. Amer., 46, 375 (1935). 

* Axelrod, D. I., Science, 128, 7 (1958). 

* Cloud, jun., P. E., Evolution, 2, 322 (1948). 

* Rankama, K., Bull. Geol. Soc. Amer., 59, 389 (1948). 

* Hewitt, D. F., in “The Proterozoic in Canada”, 18 (Spec. Pub. 2 
Roy. Soc, Canada, 1957). : 

*Shemin, D., Proc. Third Internat. Cong. Biochem. Brussels, 1955 
197 (Academic Press, N.Y., 1956). Calvin, M., Amer. Scientist’ 
44, 248 (1956). Arnon, D. I., Whatley, F. R., and Allen, M. RB” 
Science, 127, 1026 (1958). : 

’ Urey, H. C., “The Planets”, 155 (Yale, New Haven, 1952). 


DEDUCTION OF IONOSPHERIC ELECTRON CONTENT FROM THE 
FARADAY FADING OF SIGNALS FROM ARTIFICIAL EARTH 
SATELLITES 


By W. T. BLACKBAND, B. BURGESS, !. L. JONES and G. J. LAWSON 


Radio Department, Royal Aircraft Establishment, Farnborough, Hants 


NE of the most marked characteristics of the 

radio signals received from the Earth satellites 
has been the complex fading of the received signal. 
It is here shown that from a study of the fading it is 
possible to deduce the electron content for the sample 
of the ionosphere between the satellite and the receiv- 
ing station for a large section of the observed trajec- 
tory. This gives a sample across the sky, and can 
give information about the region above the F, 
maximum which is unexplorable by the methods of 
ionospheric sounding. 

These fadings fall into two classes ; first, those due 
to a change in the energy flux at the receiving aerial ; 
and secondly, those accompanying a rotation of the 
plane of polarization of this energy. These two 
classes may be distinguished by the comparison of 
the signals received simultaneously on three ortho- 
gonal dipoles. For the first class, the fades will be 
in phase for all aerials, whereas for the second class 
there will be relative phase shifts depending upon 
the direction of arrival of the signal with respect to 
the dipole axes. 

For signals received on a dipole from a satellite 
moving on a trajectory above an ionized layer, there 
will be a fading due to the variation in the Faraday 
rotation of the plane of polarization and also a fading 
due to the spin of the satellite. It can be shown that 
the variation in Faraday rotation can arise because of 
changes in: (a) electron content between satellite 
and receiver ; (6) intensity of the Earth’s magnetic 


field ; and (c) angle between this field and the path 
of the ray in the ionized region. 

Hence the rate of fading observed for transits 
in or above the F-region will be that due to the change 
in Faraday rotation which may be unmodified, 
increased or decreased by twice the spin-frequency 
of the satellite. During many transits a sudden 
change of twice the spin-frequency was observed in 
the rate of fading when the reception geometry 
changed ; such a change appears in Fig. 1. 

In order to evaluate the electron content corre- 
sponding to any part of the trajectory, it is necessary 
to know the absolute number of rotations of the plane 
of polarization due to the Faraday effect, as the signal 
travels from satellite to receiver. In the case of a ray 
passing normal to the Earth’s magnetic field in the 
ionosphere, the Faraday effect will be very small and 
to a first approximation may be equated to zero. 

This condition will occur at two points on any 
transit of the satellite, but they may be beyond the 
observer’s radio horizon. However, for observers in 
Britain and trajectories such as those of the Russian 
Earth satellites, one of these points may be above 
the observer’s radio horizon when the satellite is at a 
low angle of elevation north of the observer. The 
angle of elevation of this point increases as_ the 
observer moves farther south towards the magnetic 
equator. When one of these points is near or above 
the radio horizon, it is possible to count the number 
of Faraday rotations of the received signal as the 
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For the 03.30 transits of 
Sputnik 1 on October 18 and 19, 
1957, the height of the satellite 
was only some 50 km. above 
hmF,, and the estimated value 
of ns (Slough and Inverness) 
should be only slightly larger 
than the values obtained from 
observations of the _ satellite. 
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Fig. 1. 


No. of minima on the fading record taken on October 19, 1957. 


This conclusion is supported by 
the experimental results shown 
in Table 1. The slight discrep- 
ancies that arise can be attri- 
buted to errors in height of about 
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In the case of the 14,00 
transit of Sputnik 2 on Novem- 
ber 7, 1957, the height of the 
satellite was well above hmF, 
(about 200 km.). The value of ng 
obtained from the observations 
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soundings, assuming a block of 
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Fig. 2. fNdh plotted as a function of position for Farnborough and Cambridge observations 


satellite moves through this point to any point on 
the trajectory. From this number of rotations the 
electron content of that part of the ionosphere between 
observer and satellite can then be calculated for 
various points along the trajectory, and hence the 
variation of the electron content along a slice of the 
ionosphere can be determined. 

This method has been used to interpret fading 
records of Sputniks 1 and 2 taken at Farnborough 
and Cambridge when the satellites were nearly over- 
head and at heights above the /, maximum of the 
ionosphere. The resulting values of electron content 
could be checked against those deduced from iono- 
grams taken at Slough and Inverness. A comparison 
of the results is shown in Table 1. 

On any one transit the satellite did not pass over 
both Inverness and Slough. The vertical-incidence 
results were therefore compared with observations 
when the satellite was at the corresponding geo- 
magnetic latitude. Geomagnetic co-ordinates were 
chosen because the data for the critical frequency of 
the F,-region over the Earth’s surface correlate well 
with them!. Table 1 shows this comparison where 
Ns, Farnborough and Cambridge, relate to satellite 


verness was a region south of this 
latitude. It is shown in Fig. 2 
that the electron content de- 
creases towards the north, so that the proper value 
of ns (Farnborough and Cambridge), to compare 
with ns (Inverness), should be smaller than the 
value given in Table 1. The satellite observations 
made on November 7 are therefore consistent with 
the vertical-incidence soundings. 

A comparison of the values of electron content 
deduced from simultaneous observations made at 
Farnborough and Cambridge is shown in Fig. 2. At 
the ends of the transit where the ray paths would pass 
through the same part of the ionosphere on the way to 
either base, the measured values are in good agree- 
ment. The difference in values in mid-transit probably 
results from the fact that the rays to Farnborough 
and Cambridge then follow different paths, with the 
Cambridge path north of the Farnborough path. 

The results presented here show good agreement 
for observations at different stations, and also agree- 
ment with estimates made by an independent 
method. We conclude, therefore, that the method of 
analysis is reliable, and further observations along 
these lines are in progress. The method provides a 
way of determining horizontal variations in the 
ionosphere both above and below the maximum of 
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ionization, and has the advantages that the experi- 
mental technique and apparatus used are simple, 
while timing accuracy of about one or two seconds is 
sufficient. 

In carrying out this work we have been helped 
greatly by the provision of ionograms from the 
Department of Scientific and Industrial Research 
stations at Slough and Inverness, and by the staff 
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of the Cavendish Laboratory, who have computed 
total electron content from ionograms and most 
generously made available fading records to supple. 
ment those taken in our own Establishment. Acknow. 
ledgment is made to the Chief Scientist, Ministry of 
Supply, for permission to publish the communication, 


1 Martyn, D. F., “The Physics of the Ionosphere”, 260 (Physica] 
Society, London, 1954). 


EFFECTS OF WAVE-LENGTH AND TIME OF IRRADIATION ON 
INTERNODE LENGTH IN PISUM SATIVUM AND 
TROPAEOLUM MAJUS 


By P. J. M. SALE and Dr. D. VINCE 


University of Reading Horticultural Research Laboratories, 
Shinfield Grange, Shinfield 


HE relative effectiveness of red and blue radia- 
tion in controlling photomorphogenic responses 
of plants has been the subject of some disagreement. 
Workers at Beltsville have demonstrated a light 
reaction governing internode length, hypocotyl] length, 
leaf expansion, seed germination, etc., which is 
mediated through a reversible red/infra-red system!.*. 
However, the effect of blue radiation is far from 
clear. Downs et al.1, working with the second inter- 
node of Phaseolus, have claimed that supposed 
effects of blue radiation can be shown to be due to 
the relative levels of red and infra-red contamination 
in the source of blue light. For seed germination, 
however, an unequivocal effect of blue light, acting 
in the same direction as infra-red, has been demon- 
strated by Flint and McAlister*. Borthwick e¢ al.‘ 
have suggested that both the infra-red and red- 
absorbing forms of the red/infra-red pigment have 
some absorption in the region 400-500 my, and that 
germination is promoted by blue light when the 
pigment is in the red-absorbing form and inhibited 
by blue light when the pigment is in the infra-red- 
absorbing form. The results of the Beltsville group 
have come mainly from short-term irradiation 
experiments with etiolated material of Pisum, 
Phaseolus and Hordeum grown in the dark. Workers 
in Europe have suggested that the relative effective- 
ness of blue and red radiation in determining final 
internode lengths varies according to the experi- 
mental technique, particularly the intensity of the 
light used and the duration of the illumination 
period’. Previous reports* from this laboratory have 
shown, however, that different results are obtainable 
when different species are given similar conditions of 
irradiation ; shortest internodes occurred in red in 
Pisum and Calendula, and in blue in Lycopersicon 
and Lactuca. These relative differences in response 
held over a range of intensities, but very low inten- 
sities could not be used for the small-seeded ‘blue- 
sensitive’ species. However, the relatively large- 
seeded species T'ropaeolum majus has been found to 
develop shorter internodes in blue than in red light 
and, accordingly, it has now been possible to measure 
the responses of the ‘red sensitive’ and ‘blue sensitive’ 
species over @ much wider range of irradiances. 
The plants used in the investigation were Pisum 
sativum Meteor and T'ropaeolum majus Double Orange 


Gleam. The blue and red wave-bands isolated from 
coloured fluorescent lamps are those described pre- 
viously* ; the infra-red was obtained by filtering 
light from water-cooled 300-watt tungsten-filament 
lamps through a l-cm. thickness of 0-1 per cent 
solution of naphthalene black in water. The wave- 
bands used are shown in Fig. 1. The red and blue 
sources were equated on the basis of equal incident 
quanta. Seedlings were grown at 21° C. and were 
irradiated from germination with times ranging from 
15 min. to 24 hr. in each day. Measurements were 
made after 14 days; only fully elongated internodes 
were measured, that is, internodes 2 (first to second 
scale leaf), 3 and 4 in Pisum and internode | (soil to 
first node) in Tropaeolum. Results from two experi- 
ments at different energy-levels are presented in 
Fig. 2. The difference in the response of the two 
species is obvious. For short periods of irradiation 
red is the more effective in reducing internode 
extension in both species but, whereas in Pisum this 
effect is maintained for all times of irradiation, in 
Tropaeolum the relative effectiveness of red and blue 
radiation is reversed for times of irradiation of more 
than about 14 hr. 

In view of the red/infra-red system cited above, 
the effect of the near infra-red region on these 
responses was investigated. Times of irradiation of 
4 hr. were chosen to bring the responses into the 
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Fig. 1. Relative wave-length distribution of light sources 
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Fig. 2. Effect of irradiation on final internode length. Values for 
Pisum are means for internodes 2-4, for Tropaeolum are for 
internode BS es —_ : i 
A ue ergs cm.~* sec.~ 
(A) Energy-levels 1 Red 900 x 0-68 ergs cm.~* sec.—? 
(B) ——— x 5 those in (A) 
Dark values : Pisum (A) 81-2 mm.,and (B) 66-0 mm. ; T'ropaeolum 
(A) 556 mm. and (B) 593 mm. 
* Significant difference at P = 0-05 


region of relatively greater blue effectiveness for 
Tropaeolum. The treatments listed in Table 1 were 
given every 24 hr. Fully expanded internodes were 
measured as before after 12 days and the results 
(mean of two experiments) are given in Table 1. 
Although differing in their response to blue or red 
light at these times of irradiation, the two species 
behaved in essentially the same manner with regard 
to the effects of one wave-band of irradiation on 























Table 1 
? Length* of fully ex- 

Irradiation treatments panded internode (mm.) 

thr. =| 4hr. 16 hr. Pisumt | Tropaeolumt 
Infra-red | Dark Dark 54-0 295-4 
| Blue | Dark Dark 27-7 | 185-5 
Infra-red Blue Dark 26-4 125-0 
Blue Infra-red Dark 35-1 156-5 
Red | Dark Dark 13-6 188-0 
Infra-red | Red Dark 15°7 173-5 
Red Infra-red Dark 42-5 250-2 
Blue Red | Dark 12-5 84-3 
Red Blue Dark 19-2 123-0 

Blue Blue Dark 238 

| Red | Red Dark 119 162-0 
Significant difference at P = 0-05 | 5-9 | 20°6 





* Means from two experiments. 


t Mean « of internodes 2-4, 
t internode 1, 





blue, 5,650 “—- cem.~* sec.~? 
Energy-levels { red, 5,650 x 0-68 ergs cm.~* sec.~* 
infra-red, 4 160 ergs cm.~* sec.-* 


another. Preliminary treatment with infra-red did 
not affect the response to either blue or red radiation. 
The effect of red radiation was almost completely 
reversed by subsequent exposure to infra-red even 
‘with these rather long preliminary exposures to red, 
when some irreversible growth responses might be 
expected to have occurred (namely, 4 hr. compared 
with the usual exposure times to red of 2-5 min. in 
reversal experiments of this kind). The effect of blue 
radiation, on the other hand, was only slightly 
reduced by subsequent irradiation in the near infra-red. 

The results presented are in accordance with the 
hypothesis that there are at least two photochemical 
reactions controlling internode expansion in these 
species. The preliminary low-intensity reaction (I) 
is the well-known red/infra-red reversible reaction 
established by the Beltsville workers. At longer 
times of irradiation in Tropaeolum a second system 
(II) becomes more important ; this latter system is 
more sensitive to blue radiation and is not reversible 
by infra-red. The effects of these two reactions 
appear to be additive. The presence of the latter 
system in Pisum is indicated by the fact that, 
following exposure to blue, infra-red has relatively 
little effect ; however, at all the times of irradiation 
used, internode elongation was more effectively 
suppressed in Pisum by red than by blue light. 

The treatment blue-red (Table 1) is of interest 
since this treatment is more effective than red—blue 
in causing reduction in internode length, although 
quantitatively the treatments are the same. In 
Tropaeolum, blue—red is more effective than red—red 
or blue-blue; in Pisum, it is more effective than 
blue-blue and as effective as red-red. These results 
can be explained if we assume that, in addition to 
any effect in ‘reaction II’, some blue light in the 
region 400-500 my is absorbed by both forms of the 
red/infra-red reversible pigment, and that its action 
in this system will depend on whether the pigment 
is in the red- or infra-red-absorbing form at the start 
of the blue irradiation (as suggested for the promotion 
and inhibition of seed germination in lettuce by 
Borthwick et al.‘). At the end of the 16-hr. dark 
period most of the red/infra-red pigment will be in the 
red-absorbing form. Then, in the blue—red treatment, 
during the blue irradiation there will be a positive 
effect in ‘reaction II’ and some of the red/infra-red 
pigment will be converted to the infra-red absorbing 
(that is, active form); the subsequent exposure 
to red will increase this conversion. Conversely, in 
the red—blue treatment, most of the pigment will be 
in the infra-red-absorbing form at the end of the 
irradiation with red light and subsequent exposure to 
blue will tend to reverse the red effect ; there will, 
however, be a positive effect of blue in ‘reaction II’. 
There is no measurable infra-red contamination 
present in the source of blue light used in these 
experiments. 

Further experiments are in progress on the time/ 
intensity reciprocity in these responses. 


1 Downs , Hendricks, 8. B., and Borthwick, H. A., Bot. Gaz., 
lis: fot 95 7). 

* Downs, R. J., Ys ops Physiol., 30, 468 (1955). Borthwick, H. 
ore 5 Sg , Parker, M. W., Toole, E. H., and Toole, Vv. ae 
Proc. U S. ‘at. Acad, Sci., 38, 662 (1952). 

cae? Fores McAlister, E. D., Smithson. Mise. Coll., 94, No. 5 


—— H. A., Hendricks, 8. B., Toole, E. H., and Toole, V. K., 
Bot. Gaz , 115, 205 (1954). 
Behe og 8 E. J., Meded. LandbHoogesch. Wageningen, 54, 103 (1954). 


berg, B. Symb. Bot. Upsal., 8, 1 (1948). 
* Vince, D., J. Hort. Sei., 31, 16 (1956). Vince, D., and St ton, 
R. ‘i, in “Control of the Plant Environment”, ed. J. P. Hudson 


(Butterworth’s Scientific Publications, London, 1957). 
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“HE suggestion that plant-growth substances act 

by virtue of their ability to chelate metal ions 
has received some support from work reported 
recently by Cohen et al.’ on the formation of copper 
complexes by indoleacetic acid and naphthalene-a- 
acetic acid. We wish to report experiments, prompted 
by their communication, which can be taken to 
contradict this general hypothesis and disagree in 
detail with some of the results quoted. We have 
formed and measured the stability constants of 
copper complexes of phenoxyacetic acids which have 
a wide range of growth activity. On the suggested 
hypothesis the copper complexes should show a 
similar wide range of stability constants, but we have 
found them to be indistinguishable. 

The copper complexes of the following acids have 


been studied: 2: 4-dimethylphenoxyacetic acid, 
4-chloro-2-methyl phenoxyacetic acid and 2: 4- 


dichlorophenoxyacetic acid, and the analyses of the 
complexes are shown in Table 1. We have also made 
measurements of the copper complex of naphthalene- 
a-acetic acid for comparison with earlier work. 
Attempts to obtain evidence of the formation of 
copper complexes in this series with an acid/copper 
ratio of 1:1 failed. The complexes isolated under 
various conditions were shown to be hydrates of the 
(2:1: acid : copper) compounds. After dehydration 
at 140° C. and 0-1 mm., the anhydrous salts were 
quite stable and did not absorb moisture from the 
air even after standing for a week. The optical 
densities of 50 per cent ethanolic solutions containing 
increasing ratios of acid/copper were determined at 
wave-lengths where the copper complex absorbs 
relatively more than the free acids. Plots of optical 
density against the ratio of acid/copper showed only 
one break in the curve, at an acid/copper ratio of 
approximately 2. 

Whether or not the materials described above are 
true complexes in which the organic component is 
doubly bound to the metal may be questioned. The 
alternative would be to regard them as simple copper 


salts. In view of the stability of the anhydrous 
materials, the formulation as salts would only be 


valid if the copper had a co-ordination number of 2. 
The usual co-ordination number of 4 would be con- 
sistent with complex formation, involving either one 
acid and one other oxygen atom as in I or the two 
acid oxygen atoms as in II. The latter structure 
has been established for the copper derivatives of 
fatty acids*, and we regard it as likely also to be 
correct in the phenoxyacetic acid series. 

The stability constants of the copper complexes 
were determined by pH titration measurements?® in 


NATURE 


METAL-CHELATING PROPERTIES OF PLANT-GROWTH 
SUBSTANCES 





April 25, 1959 VOL. 183 





cn’ Nel 
| | 
% pe Je. 
’ O C=O 
| 4 
oO. —Cu 6) 
/ t 
O0-=C es, 
x “4 Sd \ 
om 4 
a cl 
» ean 
\7 
(1) 
Ci Cl 
i | 
[ CH, 
‘\ ff The. 
O Cc 
Moh, 
O oO 
oe: 
Cu 
7 > 
O O 
oe 
C 
NA Ea ~ 
CH, | 
“ cl 
ae 
ie 
(1) 


50 per cent ethanol. The values in Table 2 were 
calculated from measurements made in the absence 
of a strong acid, following what was apparently done 
by Cohen et al... The pKe values differ very little 
and the copper complex of the acid with the least 
growth activity is the most stable. Our value for 
the pKa of naphthalene-x-acetic acid (5-76) differs 
from theirs (4-6), so that the calculated pKce which 
critically depends on the determined pKa is also 
different from their value of 5:4. In so far as our 
value is higher, it indicates a slightly greater stability 
for the complex. The presence of a strong acid, 
however, is theoretically important to the method of 
PH titration* and Table 3 lists the constants determ- 
ined in 50 per cent ethanol in the presence of 
strong acid (10-* M nitric acid). It will be seen that the 
stability constants of the five copper complexes differ 
by insignificant amounts ; indeed, the second figure 
is searcely reliable, considering the assumptions made 


Table 1 








| SF 

| Found Formula for de- | Calculated | os 

Copper complex Cc | hydrated complex | Cc H Hydrate | M.p. (°C.) 

| ey 2:4- -Dimethyiphenoxyacetic acid 56-93 5:14 | C,.H,,0,.Cu | 56°04 | 56-26 2H,0 | 235-6 (decomp.) 
2-Methyl-4-chlorophenoxyacetic acid 46-51 | 3:53 C,.H,,.0,Cl1,Cu 46-73 | 3-49 2 H, :0 247-9 (decomp.) 

2 : 4-Dichlorophenoxyacetic acid 38-14 2-25 C,.H,,0,C1,Cu 38-18 2-00 5 Hy ‘0 254-6 (decomp.) 
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Table 2 





Stability constants of 
copper complexes based 
| Copper complex on measurements in the 
absence of a strong acid 





| pKa pK, pR, pKe 
Naphthalene acetic acid 5°76 5:1 4: 9-6 

2 : 4-Dimethylphenoxyacetic acid 454 46 42 88 
| 2-Methyl-4-chlorophenoxyaceticacid | 4-36 4 8 4 0 8:3 
| : ’ 2 








2: 4-Dichlorophenoxyacetic acid 4-20 





“pKa is the equilibrium constant of the acid ; temperature, 21° C. 
(pK, and pK.) = pKe, the chelate stability constant of the reaction : 
g4- + Cut+ (A),Cu; all determinations made in 50 per cent ethanol. 








Table 3 
Growth 
activity of 
Stability constants of acid (dose 
copper complexes based in ygm. 
on measurements made needed to 
Copper complex in the presence of give 50 per 
10-* M nitric acid cent leaf 
repression) 
| pKa pK, pR, pke 
| Naphthalene-a-acetic 5°75* 52% 45% 9-7*| 0-240°1 
| acid 
| 2:4-Dimethylphenoxy- |4°53 46 39 85 2842 
| acetic acid 
| 2.Methyl-4-chlorophen- [4-39 4:4 3-8 8-2 | 0-15+0-02 
| oxyacetic acid 
| 2:4-Dichlorophenoxy- 4:19 4:3 4-2 8-5 | 0-:04+0-005 
acetic acid 














* Identical values obtained in independent experiments; tem- 
perature, 25° C.; all measurements in 50 per cent ethanol. 


in calculating the pKce. Similar disagreement with 
the recorded pKe for indoleacetic acid — copper com- 
plex has been reported recently by Recaldin and 
Heath®, although it is not clear what conditions were 
used for their measurement. 

Parallel with the measurements of the stability of 
the copper complexes, we have made quantitative 
estimates of the growth-regulating activity of each 
of these growth substances by the method of Brown 
and Weintraub*. In the last column of Table 3 are 
listed the quantities of each acid required to depress 
the growth of the first trifoliate leaf of a Phaseolus 
seedling by 50 per cent. The percentage repression 
in this test is linearly related to the logarithm of the 
dose, and the figures for 50 per cent repression are 
inversely related to the growth activity. It will be 
seen that 2: 4-chlorophenoxyacetic acid is almost 
a thousand-fold more active than dimethylphenoxy- 
acetic acid, though its ability to bind copper is not 
measurably different. 

We therefore suggest that in spite of some evidence 
in the literature for a relation between metal- 
complexing capacity and plant-growth activity, the 
properties by which certain molecules are specifically 
able to act as growth regulators still remain a mystery. 

Our thanks are due to the directors of Imperial 
Chemical Industries of Australia and New Zealand 
for permission to publish this communication, and to 
Mr. D. Fieldhouse, Mrs. M. Markus and Mrs. V. 
Zengari for technical assistance. 

W. L. F. ARMAREGO 
M. J. CANNY 
S. F. Cox 
Central Research Laboratories, 
Imperial Chemical Industries of Australia 

and New Zealand, Ltd., Melbourne. 

‘Cohen, D., Ginzburg, B.-Z., and Heitner-Wirguin, C., Nature, 181, 

686 (1958), 


*Martin, R. L., and Whiteley, A., J. Chem. Soc., 1394 (1958). 

‘Calvin, M.,and Melchior, N. C., J. Amer. Chem. Soc., 70, 3270 (1948). 

‘Martell, A. E., and Calvin, M., “Chemistry of the Metal Chelate 
Compounds”, 76 (Prentice Hall, Inc., N.J., 1956). 

*Recaldin, D. A., and Heath, O. V. S., Nature, 182, 539 (1958). 

‘Brown, J. W., and Weintraub, R. L., Bot. Gaz., 111, 448 (1950). 
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In putting forward the hypothesis that plant- 
growth substances might act as such through their 
metal complex-forming activities’? we did not sug- 
gest that no other properties of the molecules con- 
cerned could modify their effects upon growth. We 
specifically raised the question of rate of penetration, 
and in view of the very various growth-promoting 
activities of the different agents tried (a variation by 
no means parallel with their metal-complexing 
capacities) we had in mind the possibilities that 
steric hindrance or toxicity might also be modifying 
the amount of growth promotion obtained. 

One might well hesitate to accept that the ‘growth- 
regulating activity’ of 2:4-dichlorophenoxyacetic 
acid is almost a thousand times as great as that of 
dimethylphenoxyacetic acid on the basis of an assay 
test depending on the inhibition of growth, such as 
that used by Armarego et al. (preceding communica- 
tion), but other work* suggests that their growth- 
promoting activities in the Avena cylinder test are 
in a similar ratio. Even if this is not, in fact, due to 
a difference in penetration, the binding of copper or 
some other metal may yet be concerned with the 
spatial configuration of the sites favouring one acid 
rather than the other. 

The growth-promoting activity of ethylenediamine 
tetraacetate has been variously reported as similar 
to that of indoleacetic acid‘, or as much _less5*, 
according to the techniques and plant material used ; 
with the strain of wheat used by Fawcett e¢ al.*, and 
using their technique, we have been able to reproduce 
their results. However, even if the growth-promoting 
activity of these two agents be accepted as of the 
same order of magnitude, the fact remains that their 
in vitro complexing activity differs vastly. It is, in 

fact, surprising that so powerful a chelating agent as 
ethylenediamine tetraacetic acid does not disrupt the 
chemical organization of the cell at many sites; the 
growth-promotion obtained may be the net result of 
stimulatory and inhibitory processes due to com- 
petition with various chelating agents in some 
such way as that suggested by Burstrém and 
Tullin’. 

Evidence seems to be accumulating that known 
natural and synthetic growth substances can form 
complexes in vitro®®, but more important than this 
is the question whether they do so in controlling 
growth in the living plant. Some of the evidence for 
this was very briefly reported in the communications 
cited'.* and the results of these and other experiments 
will be published in detail as soon as possible. 


O. V. S. Heatu 
J. E. Crarx 


University of Reading 
Horticultural Research Laboratories, 
Shinfield Grange, 
Shinfield, 

Berkshire. 
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LETTERS TO THE EDITORS 


PHYSICAL SCIENCES 


A New lonospheric Phenomenon 


In recent years, there have been reports'-‘ of 
sporadic radio-frequency radiation associated usually 
with auroral activity. However, it has always been 
difficult to establish an unambiguous identification 
because similar effects could be caused by man-made 
noise or interference. The special programme initiated 
at Jodrell Bank in October 1958 to study these 
unusual radiations provided a high degree of flex- 
ibility by using five separate total-power receivers, 
all on slightly different frequencies near 80 Mc./s., 
to monitor continuously various sectors of the sky. 
At present, two of the aerials are directed at 30° 
elevation above the northern horizon, one is directed 
at the zenith, one at 30° 
above the southern horizon 
and the other is rotated 
continuously so that 
Cassiopeia 23N5A is al- 
ways in the beam. Three 
of the equipments are at 
Jodrell Bank and the 
others are on individual 
sites about 1 km. away. 
This experimental arrange- 
ment allows easy discrim- 
ination against localized 
interference at any one 
site, and against distant 
narrow-band radio signals. 

Normal records from 
the equipments show the 
expected diurnal variation 
due to the galactic back- 
ground and, in addition, 
the southern aerial records 
radio bursts and noise 
storms of solar origin. 
However, during the 
period January 3-10, 1959, 
there occurred about ten 
instances of isolated in- 
creases in the noise-level 
recorded by some of the 
instruments, together with 
simultaneous decreases in 
the others'®. A further 
very striking isolated 
event occurred on March 
25, 1959, at about 1400 
U.T. The records are 
reproduced in Fig. 1. It 
can be seen that the 
northerly channels (i) and 
(ii) showed very strong 
enhancements in the sig- 
nal level. The ampli- 
tude of (i) was greater 
than 150 per cent of 
the diurnal change in 
noriberly, (1) mortneny _ galactic level, and the 

increase in (ii) was 400 


(low sensitivity) (III) con- 
tinuously following Cassio- per cent of the diurnal 
galactic change. The 











(v) 
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peia, (IV) zenithal and (V) 
sou! ly acrials 


former instrument was driven off-scale while the latter 
was operating at reduced sensitivity. The apparatus 
continuously following Cassiopeia (iii) with its aerial 
directed at this time toward the north-west showed a 
strong enhancement of approximately 50 per cent of 
the diurnal galactic range. The zenith instrument (iv) 
recorded a marked decrease of at least 50 per cent 
of the diurnal range of galactic intensity, while the 
south (v) indicated a weak increase of about 25 per 
cent. Since the back-to-front rejection ratio of the 
south-looking Yagi aerial is about 1 : 10, it is probable 
that the apparent southerly increase is spurious in 
view of the very strong northerly signal. At the 
time of this event the Sun was actually in the beam 
of the south aerial, hence one may conclude that 
direct solar radio-frequency radiation was negligible. 

The Jodrell Bank magnetometer revealed a change 
in the horizontal component of the Earth’s field 
coinciding with these observations. The change of 
about 50 gammas is the most significant fluctuation 
in an interval of 4-5 hr. However, the significance, 
if any, of the magnetic crochet is masked by the 
presence of other fluctuations of comparable size both 
earlier and later in the day. 

This event, with its simultaneous radio-frequency 
emission and absorption in different sectors, is more 
intense than any observed in the January 1959 series. 
However, it has the same essential characteristics, 
The suggestion has been made® that this phenomenon 
is caused by passage through the ionosphere of streams 
of charged particles of very high velocity presumably 
of solar origin. In the upper ionosphere such particles 
stimulate the generation of radio-frequency energy 
while at lower levels the result is a net absorption of 
the background signal. The absorption mechanism 
is rather well established, especially in polar regions, 
and may be attributed to the production of abnormally 
dense ionization in the lower ionosphere. However, 
very little is known of processes which can generate 
radio-frequency noise in our atmosphere. It is 
believed that the impact of charged particles, both 
of high velocity and high density, is consistent with 
the environment for production of Cerenkov-type 
radiation. Other processes are also being considered. 

Events of the type described seem to be rare. It is 
significant that both the first event of the group in 
January already reported, and the isolated event of 
March 25, seemed to be the precursors of a period 
of intense solar activity with associated terrestrial 
events such as magnetic storms and aurore. A pre- 
liminary investigation has failed to reveal any unusual 
solar or other terrestrial effects which may be 
associated with this phenomenon. 

We wish to acknowledge the continued interest 
and enthusiastic support of Prof. A. C. B. Lovell in 
this research. 

H. J. A. CHIvEers 
H. W. WELLS* 
Jodrell Bank Experimental Station, 
University of Manchester. April 4. 
* Temporarily from the Carnegie Institution, Washington. 
* Appleton, E. V., and Hey, J. S., Phil. Mag., 37, 73 (1946). 


* Covington, A. E., Terr. Mag., 52, 389 (1947). 

* Hartz, T. R., Reid, G. C., and Vogen, E. L., Canad. J. Phys., 34, 
728 (1956). 

‘Hartz, T. R., Canad. J. Phys., 36, 677 (1958). 

* Chivers, H. J. A., and Wells, H. W., J. Atmos. Terr. Phys. (in the 


press). 
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Observations of Intense lonization of 
Long Duration below 50 km. Altitude 
after some Strong Solar Flares 


Tue existence of ionized layers (the C-layers) in 
the lower and middle atmosphere (between 5 km. 
and 60 km. altitude) was suggested more than twenty 
years ago by several authors anc such short-range 
echoes (20-50 km.) have also been reported in recent 
vears. It seems doubtful, however, whether they were 
produced by ionization'. Landmark* has recently 
obtained a few echoes from a height of 65 km., which 
seem to have been of ionospheric origin. They ap- 
peared during periods of strong solar disturbances. 
Intense ionization at still lower heights was observed 
four times during the summer of 1958 at Kiruna 
Geophysical Observatory, Sweden. 

The total non-deviative ionospheric absorption of 
216 Mc./s. radio waves is being measured at the 
Observatory on a routine basis by means of a so-called 
‘yiometer’ (relative ionospheric opacity meter) 
designed by C. G. Little* at the Geophysical Institute, 
College, Alaska. The riometer is a self-balanced 
radio noise telescope using a vertical three-element 
Yagi antenna and having a so-called minimum 
detector, which makes measurements possible of the 
cosmic radio-noise level even in the presence of strong 
interference. The recorded cosmic-noise flux gives a 
relative measure of the overall absorption in the 
ionosphere. 

On four occasions during the summer of 1958 very 
strong absorption was observed to start a few hours 
after the outbreak of solar flares of importance 3+. 
In three of these cases the maximum day-time 
absorption exceeded 15 db. At the time of the first 
observation, July 7, 1958, it was midnight sun in 
Kiruna, but during the other three periods of observa- 
tions, starting on August 16, 22 and 26 respectively, 
the shadow of the solid Earth reached from 62 km. 
on August 16 to 125 km. on August 26 above the 
Karth’s surface at midnight. 

The ratio of negative ion density to free electron 
number density is a function of the hour angle, as one 
of the processes determining the ratio is photo- 
detachment of electrons from negative oxygen ions, 
and thus the absorption is smaller during the night 
than during the day. The electron affinity of the 
oxygen molecule is approximately 1 eV., which means 
that the photons of almost the whole solar emission 
spectrum have sufficient energy for the photo- 
detachment reaction. 

The riometer records for the nights of August 16—17, 
22-23, 23-24 and 26-27 were all curves of the type 
shown in Fig. 1. During the evenings the absorp- 
tion decreased to a minimal, and almost constant, 
night-time value, although the shadow of the solid 
Earth reached levels varying between 44 and 53 km. 
only (average of four values, 48:3 km.) above the 
surface of the Earth. Similarly, absorption started 
‘0 Increase again in the mornings when the shadow 


of the Earth had reached heights between 39 and 
55 km. (average of three values, 48-3 km.). During 
the morning of August 24, a geomagnetic sudden 
commencement started before sunrise, and therefore 
no observations could be made. 

In two of the seven cases the record is concave 
upwards (cf. Fig. 1) during the whole transition 
period between day-time and night-time conditions. 
In those cases the time of end and beginning re- 
spectively of the transition is estimated to be in error 
by only some +3 min. This corresponds to an 
uncertainty of height of less than + 2 km. In the 
remaining five cases the uncertainty is about 5 km. 

An explanation of the early arrival of the absorbing 
layer into the dark region may be that the effective 
shadow is not that of the solid Earth but of some layer 
in the atmosphere, for example, the ozonosphere. 
That explanation can, however, be ruled out by the 
following facts. It has been found at Stanford, 
California’, that the intensity of reflexions on 
325 ke./s. tends to increase when the solar rays 
tangential to the Earth strike the lower E-region, and 
the height of the lowest observed H-region reflexion 
on 100 ke./s. was found to drop appreciably at about 
the time when the region left the shadow of the solid 
Earth. These effects are attributed to electron 
photo-detachment, as in the cases under discussion 
here. Furthermore, the investigations of the distribu- 
tion of ozone with height, using the eclipsed Moon as 
reflecting surface*, are based on the fact that visible 
radiation, even in the Chappuis diffuse absorption 
bands of ozone, penetrates the Earth’s atmosphere 
at the ozone-levels, reaches the eclipsed Moon and 
is reflected back to the spectrometer on the Earth’s 
night-side. As all radiation of wave-lengths less than 
approximately 12,000 A. can produce free electrons 
by photo-detachment from O,- ions, the only re- 
maining explanation of the fact that the illumination 
of the layers above the heights mentioned earlier does 
not result in any measurable radio-wave absorption 
in addition to that of the lower layers, seems to be 
that all but a negligible fraction of the ionization is 
situated below the heights in question. At such great. 
depths in the atmosphere the absorption coefficient 
is in fact not increasing with depth as it is in higher 
levels, due to the fact that for very high values of 
the electron collision frequency the absorption 
decreases again. The transition-level is situated 
between 50 and 60 km. 

If one takes into account the possible complete 
opacity of the lowest few kilometres of the atmo- 
sphere, the upper limits of the?absorbing layers, given 
above, are not raised by more than the same small 
amount (a few kilometres). 

The observations reported here support the hypo- 
thesis that the ionizing agent on the occasions under 
discussion was protons, emitted by the Sun during 
the solar flares (see ref. 4, Hultqvist, B.). The very 
low recombination coefficients found for this kind of 
ionization’ may perhaps also be associated with the 
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fact that most of the ionization was situated within 
the ozonosphere, as is certainly the observed absence 
of magnetic effects of the ionization. 
Benet Hvuttevist 
JOHANNES ORTNER 
Kiruna Geophysical Observatory, 
Kiruna C, Sweden. 
Jan. 28. 
* Berkner, L. “Terrestrial Magnetism and Electricity’’, edit. by 
Fleming (MeGraw Hill), Major, G., Nature, 175, 862 (1955). 


Dowden, R. L., Atmos. Terr. Phys., 11, 111 (1987). 
* Landmark, B., J. Atm. Terr. Phys., 12, 79 (1958). 


5 Little, C. G., and Leinbach, H., Proc. Inst. Rad. Eng., 46, 334 (1958). 
‘ Hultqvist, B., Aarons, J., and Ortner, J., Tellus (in the press). 
Hultqvist, B., ibid. (in the press). 


‘Interim Progress Report, Electronics Research Laboratory, Stan- 
ford University, Bur. Stand. Contract No. Cst.-10751 (1951). 

* Gdtz, F. W. 0. Erg. Kosm. Physik., 3, 253 (1938). Barbier, D., 
Chalonge, D., and Vigroux, E., Ann. Astrophys., 5, 1 (1942). 


"egeiet, B.. Artie fér Geofysik (in the press). Bailey, D. K., 
J. Geophy: , 62, 431 (1957). 


Radio Reflexions from the Moon and 
Solar Corona 


THE ionospheric Faraday effect has recently been 
used!.? to determine the total electron content of the 
ionosphere. The rotation of the plane of polarization 
is assumed to be given by : 

A; 
o = 4:72 x 104(f-* B cos8 seed N dh) (1) 
i 
where the limits of integration correspond to the 
ionospheric region in which the electron density is 
large enough to make an appreciable contribution to 
the rotation (for notation see ref. 2). 

On the other hand, the theory of ‘whistlers’, 
investigations on the solar corona* and also the 
researches on the first Russian satellite have led to 
the assumption that there are some hundred electrons 
per c.c. in the space around the Earth. This neces- 
sitates modification of formula (1). If we assume a 
constant electron density N, along the path from the 
outer ionosphere (r = rg + H,) to the Moon (r = ry) 
we have : 


H, 
@ = 4:72 x 1oy-+{B cos6 sec3| N dh + 
A, 


N,{B cos0 ar} (2) 
rg + A, 


or, to a good approximation : 


oS = 


A, 
4-72 x 10*f-"B e080 { sec8 N dh + 
H, 


$.No(re + H,)} 


- 7-4 x 10% cm. and N, = 10? cm.-3, 
101 em.-* for the second term, while 


With (rg + H,) = 
we get 3:7 x 


Hy 
[x dh is about 100 x 10" em.-*. Hence we can 


A, 
estimate that in many cases the error introduced by 
neglecting this second term will not be important, 
and that, for example, the results obtained on the 
new F-layer model® will not be influenced strongly. 
But at times of small solar activity, the electron 
density in the ionosphere will decrease considerably 
and then we cannot neglect the electrons in the space 
around the Earth. In these and some other cases (for 
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example, in the polar regions) we must take the 
revised formula (2) into consideration. 
0. Burxarp 
Institut fiir Meteorologie und Geophysik, 
University, Graz. 
Feb. 24. 
* Evans, J. V., Proc. Phys. Soc., B, 69, 953 (1956). 


2 Daniels, P| se and Bauer, 8. J., Nature, 181, 1392 (1958). 

* Chapman, S., Smithsonian Contrib. to Astrophys., 2 (1957). 

. Preliminary Results of Scientific Researches on the First Soviet 
Artificial Earth Satellite and Rockets (Academy of Sciences of 
the U.S.S.R., Moscow, 1958). 


* Burkard, 0., Geofis. pura ¢ appl., 41, 133 (1958); 87, 145 (1987), 
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Nature of Fluorescence of Uranium in 
Fused Sodium Fluoride 


AurHouGH the property of fluorescence of uranium 
in sodium fluoride melts has been used to determine 
uranium quantitatively for the past 25 years, it is 
not known in what form the uranium exists in these 
melts. It has been the belief that the fluorescence in 
fused salts is due to a uranyl compound, but the 
evidence is not conclusive’?. The intensity of 
fluorescence of the melts is so sensitive to slight 
variations in the fusion process that it is necessary to 
standardize all manipulations to obtain reproduci- 
bility. The cause of this sensitivity has not been 
explained. In an attempt to explain it several 
different uranium compounds were fused in different 
atmospheres. The intensities of fluorescence of the 
melts as well as fluorescence and absorption spectra 
were measured. 

All the uranium compounds used for the experi- 
ments were made in this Laboratory. A sample of 
uranium tetrafluoride was also obtained from Harwell. 
A very high standard of purity is required as many 
impurities quench the uranium fluorescence. The 
sodium fluoride used was “Baker analysed’ and was 
specially prepared for use on the fluorimeter. This 
brand of flux was found to be entirely free of sodium 
carbonate, which is useful at times but not essential, 
as sodium fluoride-sodium carbonate flux mixtures 
are often used. Sodium fluoride decomposes during 
fusion to form small quantities of sodium carbonate 
when moisture and carbon dioxide are present in the 
atmosphere. 

UO,, U,0,, UO,., UF, and UO,(NO;), were fused 
with sodium fluoride in air at 1,160° C. and all melts 
fluoresced strongly. The high fluorescence of UF, 
was unexpected since uranium (IV) compounds have 
not been known to fluoresce. A test was devised to 
determine the valency of the uranium in the melt, 
using the property that cupferron precipitates 
uranium (IV) but not uranium (VI) in 10 per cent 
sulphuric acid solution. 

Two separate portions of a solution containing 
uranium (IV) in 10 per cent sulphuric acid were 
treated with cupferron. Sodium fluoride had first 
been added to one portion, when a powdery green 
precipitate had formed. No further precipitation 

occurred on the addition of cupferron. The uranium 
(IV) in the second portion was immediately pre- 
cipitated by cupferron. The sodium fluoride thus 
reacts with uranium (IV) probably forming a double 
fluoride, namely, NaUF, as reported by Katz and 
Rabinowitch*. This compound was found to be non- 
fluorescent. 

This test was repeated using a melt in which 
uranium tetrafluoride had been fused in air with 4 
low-melting mixture of sodium fluoride and sodium 





Soviet 
nees of 


1957), 


nium 
"mine 

it is 
these 
ce in 
t the 
y of 
slight 
ry to 
duci- 
been 
veral 
srent 
the 


ctra 


peri- 
le of 
well. 
lany 
The 
was 
This 
ium 
tial, 
ures 
ring 
nate 
the 


ised 
elts 
UF, 
ave 
1 to 
elt, 
ites 
ent 


ing 
ere 
irst 


No. 4669 April 25, 1959 
cerbonate. When it was dissolved in 10 per cent 
sulphuric acid no green powdery precipitate settled 
out and the uranium was also not precipitated by 
cupferron. From this it was concluded that the 
uranium is oxidized to the hexavalent state during the 
fusion process. 

The fluorescent species resulting from fused uran- 
ium tetrafluoride is therefore not tetravelent es the 
compounds examined by Zachariasen* appear to be. 

The fusion of all the uranium compounds was 
using en argon atmosphere in a _ tube 
fwnace. All melts were fluorescent but intensities 
were much reduced. When oxygen wes added to the 
atmosphere the intensities of the argon-fused melts 
increased in most cases. This seems to indicete that 
oxygen is required for high fluorescence. The initial 
fluorescence in argon, particularly of uranium 
tetrafluoride, appeers to be due to the presence of 
minute quantities of oxygen which diffuse through 
the wells of the rubber tubing. This is very difficult 
to eliminate. 

When sodium hydrogen fluoride is used as a flux 
in air with U,O,, UF, and UO,.(NO,)s, the usual high 
fluorescence is obtained, but when fusions are made 
in argon virtually no fluorescence occurs. This is 
escribed to the action of hydrogen fluoride that is 
evolved from the flux on heating. Kaetz and Rabino- 
witch report that very small quantities of hydrogen 
fluoride are sufficient to prevent the oxidation of 
UF,.H,O during dehydration at 400° C. Hydrogen 
fluoride also prevents the formation of oxy com- 
pounds?. 

The fluorescence spectra of the melts were exam- 
ined and several variations were measured. The 
spectrum extended from approximately 5100 to 
6500 A. Under certain conditions the lowest band 
limit ended at 5350 A. The main variations occurred 
in the violet region where bands appeared and dis- 
appeared according to the atmosphere, concentration, 
time of fusion and rate of cooling. 

The spectra of uranyl salts do not vary in this 
manner. They consist of 6 or 7 bands extending from 
approximately 4600 to 6400 A. which shift nearer to 
or farther from the red region, depending on the 
composition of the salt. 

The variation in the spectrum of the sodium 
fluoride — uranium melts appears to be the cause of 
the inconsistent intensities. It is not known what this 
variation is due to but it is suspected that an oxygen- 
ated uranium compound, with a variable constitution, 
is responsible. 

The absorption spectra of argon-fused UO.(NO;)>, 
UF, and U,O, were measured on the Beckman DU 
spectrophotometer. Clear disks were obtained only 
when carbonate-free sodium fluoride was used. 
Melts fused in air became opaque due to the formation 
of sodium carbonate during fusion. These could not 
be measured on the spectrophotometer. The spectra 
of the pale yellow disks were measured against a blank 
of clear, colourless fused sodium fluoride. 

In each spectrum maximum absorption occurred 
at 290 mu. Absorption decreased steadily to 410 mu 
and levelled off. No further peaks occurred, but each 
has a plateau from 350 to 360 my. Two of these 
curves are shown in Fig. 1. 

Uranyl salts all have absorption peaks‘ in the 
region 400-500 my, while uranium (IV) absorbs 
in an entirely different manner’. The spectra of the 
fused melts resemble those of diuranates, which 
absorb strongly at 320 my with no further peaks 
occurring at higher wave-lengths’. 
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Fig. 1. Top, absorption spectrum of argon-fused uranyl nitrate 

using hydrogen and tungsten lamp sources; bottom, absorption 

spectrum of argon-fused uranium oxide (U;0,) using the same 
light sources 

Urany] salts are not stable et high temperatures. 
When ignited above 350° C. they decompose to form 
oxides. In the presence of a flux such as sodium 
fluoride which melts at 997° C. this decomposition 
must also occur, so that by the time the flux is molten 
the uranium is probably all present as U;,O;. This 
then reacts with or dissolves in the molten sodium 
fluoride. 

The fluorescent species formed does not resemble 
any of the parent compounds. It appears that any 
uranium compound can be fused with sodium fluoride 
at 1,200° C. to form the same or similar species 
provided that oxygen, moisture and several other 
constituents are present in the atmosphere. The 
best atmosphere for this is air. 

HaypkE LE Roux 

Government Metallurgical Laboratory, 

University of the Witwatersrand, 
Milner Park, 
Johannesburg. 
Feb. 4. 

1 Slattery, M. K., J. Opt. Soc. Amer., 19, 175 (1929). Nicholls, E. L., 
and Slattery, M. K., ibid., 12, 449 (1926). Price, G. R., Ferretti, 
R. J., and Schwartz, 8. S., ANL-4002 (April 1947); also Anal. 
Chem., 25, 322 (1953). Dieke, G. H., and Duncan, A. B. F., 
Nat. Nucl. Energy Series, Manhattan Project Technical Section, 
Div. III, 2 (McGraw-Hill, 1949). Walton, N. G., Hutton, G., 
and Dalziel, J. A. W., A.E.R.E. C/R 966 (Harwell, 1952). 

2 Katz, J. J., and Rabinowitch, E., Part 1, Nat. Nucl. Energy Series, 
Manhattan Project Technical Series, Div. VIII, 5, 359, 360, 379, 
380 (McGraw-Hill, 1951). 

3le Roux, H., M.Sc. thesis, University of the Witwatersrand. 

4 Rabinowitch, E., ANL 5173 Chem. Gen. (Argonne National Lab- 
oratory, 1953). 

5 Katz, J. J., and Seaborg, G. T., ‘““The Chemistry of the Actinide 
Elements” (Methuen, 1957). 

* Steele, T. W.,in “Assay Practice on the Witwatersrand”, edit. by 
V. 8. Dillon. 


CHEMISTRY 


An Automatically Operating, 
Coulometric Titration Method for 
continually measuring Small Amounts 
of Water in Fluids 


SEVERAL batch-wise methods for the determination 
of small amounts of water are known. However, most 
of these methods lack general applicability. 

In the method described here we have applied 
the well-known and versatile principle of the Karl 
Fischer titration. According to this titration pro- 
cedure, the water to be determined reacts with the 
so-called Kar] Fischer solution, a mixture of sulphur 
dioxide, iodine, pyridine and methanol. The simpli- 
fied net reaction can be represented as : ge 
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Pyridine and methanol act both as solvents and as 
complexing agents. 

However, contrary to the classical procedure, iodine 
is generated and measured coulometrically’. It is 
generated by anodic oxidation of a modified Karl 
Fischer solution, in which the iodine is replaced by 
hydrogen iodide. At the anode, the following 
reaction occurs : 


2I-—>I, + 26 (2) 


Automatic and continuous operation is realized as 
follows: a constant sample stream (for example, an 
alcohol with a water content less than 2 per cent and 
a rate of flow ranging from 10 to 100 ml./hr.) is 
supplied to the coulometric cell (see Fig. 1). In this 
cell, iodine is generated at the platinum wire elec- 
trode, w.e. The anode compartment is separated 
from the cathode compartment by a sloping, sintered 
glass disk to avoid redox cycles. The magnitude 
of the generating current ¢, is controlled by a combina- 
tion of an amperometric system and an electronic 
control system, so that sufficient and no excess 
iodine is generated for reacting with all of the water 
entering the cell. In this case the generating current 
—which can be recorded in simple manner—is a 
linear function of the water content of the sample. 
From Faraday’s law, 1 ygm./sec. of water supplied 
to the cell needs a generating current of 10-72 m.amp., 
provided the current—as well as the titration— 
efficiency of the electrochemical reaction is 100 per 
cent. It appears that 100 per cent current efficiency 
is obtained when the current density does not exceed 
@ critical value, dependent on the conditions of flow. 
The titration efficiency is—as in the classical titration 
—not 100 per cent; it is, however, constant, the 
actual value being dependent upon the composition 
of the electrolyte. 
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Fig. 2. Generating current ig (in m.amp.) as a function of the rate 
of supply of a methanol-water mixture (in arbitrary units) 
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The amperometric system consists of two platinum 
electrodes, placed in an equipotential surfaco and 
provided with a potential difference of 25 mV. The 
generating current is so controlled that when the 
amperometric current ig exceeds a fixed value of 
some microamperes (for example, when the water 
content of the sample decreases), the generating 
current decreases, etc. Environmental moisture 
must be excluded rigidly. 

A laboratory apparatus built according to the 
above principles has worked satisfactorily. A typical 
graph is reproduced (Fig. 2) showing the generating 
current as a function of the rate of supply of a 
methanol-water mixture of a definite composition, 
the speed being expressed in an arbitrary measure. 

While preparing this communication, our attention 
was directed to a recent paper by Meyer and Boyd!, 
who have applied the same principle to the batch-wise 
titration of water. 

E. BARENDRECHT 
Central Laboratory of the Netherlands State Mines, 
Geleen, Netherlands. Feb. 26. 
1 Meyer, jun., A. S., and Boyd, C. M., Anal. Chem., 31, 215 (1959), 


Molecular Symmetry in Cyclopentadieny! 
Thallium and Some Related Substances 
from their Microwave Spectra 


Ir was recently found in this laboratory! that the 
symmetry of cyclopentadieny] nickel nitrosyl is simply 
and unequivocally shown by its microwave spectrum. 
We have now applied the same method to demonstrate 
the symmetries of cyclopentadienyl thallium, cyclo- 
pentadienyl manganese tricarbonyl and _ benzene 
chromium tricarbonyl. The manganese compound 
had sufficient vapour pressure at room temperature, 
but the other materials were studied in a Stark 
modulation spectrometer operated at about 100° C. 

Several transitions of each substance were measured 
between 20 and 40 Ge./s. The spectra are those of 
strictly symmetrical-top molecules, with values of B, 
in Mce./s., as follows: cyclopentadienyl thallium- 
205, 1465-10 + 0-05; cyclopentadienyl] thallium-203, 
1467-98 + 0:05; cyclopentadienyl manganese tri- 
carbonyl, 826-5 + 0:5; benzene chromium-52 tri- 
earbonyl, 729-8 + 0-5. Fine structures were not 
resolved, but spectra of molecules in excited vibra- 
tional states occurred, especially for the carbonyls. 
For these, B refers to the state showing the strongest 
absorption, but it is not certain that this is the ground- 
state. For cyclopentadienyl] thallium the lines are 
sharper, and those due to vibrationally excited mole- 
cules occur at lower frequencies than the ground- 
state absorptions. Separate series of lines due to 
cyclopentadienyl thallium-205 and thallium-203 are 
recognized from their pattern and intensities. 

The spectra prove that the cyclopentadieny] com- 
pounds have axes of C,» symmetry perpendicular to 
the C,- and H,-rings, and passing through the metal 
atoms. In benzene chromium tricarbonyl the 
corresponding axis is doubtless one of C4, symmetry 
but, so far as microwave spectra can show, the sym- 
metry might be merely C;,. The tricarbony] groups 
(CO),, when present, have C3, symmetry about these 
same axes. The structure of cyclopentadienyl 
thallium is thus the ‘half-sandwich’ type favoured by 
Cotton and Reynolds* on the basis of infra-red spectra. 
The tricarbonyls each have eight structure parameters, 
and detailed discussion is not profitable ; but the 
values of B are consistent with dimensions expected 
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fom the study of related molecules. Cyclopenta- 
dienyl thallium has only four structure parameters 
and, while a@ complete determination is not yet 

ible, it is profitable to examine carbon-carbon 
and carbon-thallium distances which are permitted 
for all reasonably likely values of the parameters 
affecting the hydrogen atoms. The simplest pre- 
liminary assumption is that the C,H, system lies in 
one plane. With this assumption only, the distance 
from the thallium to the centre of the ring is found as 
94] + 0-01 A. If, in addition, we take dog as 1-08 A., 
we obtain dgg = 1-43 + 0-02 A. and doq, = 2-705 + 
0-005 A. The errors stated are those which could 
arise from possible inaccuracy in measurement of the 
small thallium isotopic shift ; effects of changes in 
zero-point energy have been neglected. A variation 
in the value assumed for dog of + 0-02 A. leads to 
additional changes of only + 0-004 A. in doc and 
= 0-002 A. in doq;). We have also investigated the 
effects of allowing the CH bonds to be bent out of 
the C,-plane. An angular displacement of 5 deg. 
away from the thallium atom in these bonds leads 
to an increase of 0-025 A. in dog, and a decrease of 
0007 A. in the distance from the thallium to the 
centre of the ring. The distance doy is increased 
by only 0-003 A. Its effect on doc, and general 
considerations, suggest that such bending is of small 
magnitude. 

On such a basis, the C,-ring appears to be similar 
insize to that found in ferrocene’, with the possibility 
of being somewhat larger. The carbon-thallium 
distance is certainly longer than anticipated by Cotton 
and Reynolds?, but there is very little evidence on 
which to base a prediction. From available data‘, a 
length of 2-4 A. would not seem impossible for a 
simple TI-C linkage, and a greater length is naturally 
expected in a complex of this type. The distance 
found, however, coupled with the estimates of overlap 
integrals by Cotton and Reynolds?, strengthens the 
evidence that ionic binding is important in this 
linkage. From microwave data for metallic halides 
as ion-pairs, Honig, Mandel, Stitch and Townes® 
tabulate ionic radii for such systems. From these 
and similar results for the largely ionic gaseous thal- 
lous halides*, the corresponding radius for T]+ must 
be close to 1-0 A. The structure C;H,- Tl+ would 
thus require the C,H,- ion to have an axial radius of 
about 1-4 A., which does not seem unreasonable. 
While the structure can scarcely be entirely ionic, a 
considerable ionic character would not be out of 
keeping with the findings for the thallous halides. 

A detailed report, with fuller discussion, will appear 
elsewhere. We thank Prof. G. Wilkinson and Dr. 
M. C. Whiting for gifts of materials, the Royal Society 
for the loan of equipment and Prof. J. C. Robb for 
his interest in this project. Two of us (J. K. T. and 
A. P. C.) acknowledge maintenance grants from the 
Department of Scientific and Industrial Research. 

J. K. Tyter 
A. P. Cox 
J. SHERIDAN 
Department of Chemistry, The University, 
Birmingham, 15. March 10. 


* A. P. Thomas, L. F., and Sheridan, J., Nature, 181, 1157 


be Ny A., and Reynolds, L. T., J. Amer. Chem. Soc., 80, 269 


‘ Dunitz, J. D., Orgel, L. E., and Rich, A., Acta Cryst., 9, 873 (1956). 
mnanigm'c, Distances”, Chemical Society, London, Special Pub. 
"Honig, A., Mandel, M., Stitch, M. L., and Townes, C. H., Phys. Rev., 
vy fe 829 (1954), 

Barrett, A. H., and Mandel, M., Phys. Rev., 109, 1572 (1958). 
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Molecular Motion of Enclathrated 
Compecunds as studied by Nuclear 
Magnetic Resonance 


Ir has been known for some time that hydrogen- 
bonded crystals such as quinol and urea can enclath- 
rate a variety of molecules. Many studies of the 
structures of clathrates by X-ray diffraction’-* and 
infra-red spectroscopic techniques® have yielded little 
information about the motions of the enclathrated 
molecules. In special cases, for example, oxygen 
and nitric oxide enclathrated in quinol, where the 
trapped molecule is paramagnetic, magnetic sus- 
ceptibility measurements*-* have indicated that the 
trapped oxygen and nitric oxide molecules behave 
rather like free gas molecules. 

For enclathrated molecules which are not para- 
magnetic it seemed that nuclear magnetic resonance 
spectroscopy would provide information about the 
motion of the trapped compound. We wish to report 
some preliminary results which we have obtained by 
studying the proton magnetic resonance signals from 
certain enclathrated hydrocarbons. 

Though a wide range of clathrates are currently 
under investigation by a variety of methods, we shall 
give here only some results for magnetic resonance 
studies on urea hydrocarbon adducts, the hydro- 
carbon ranging from C,_,3, C,, and Cy.. The urea/ 
hydrocarbon adducts were prepared by the addition 
of the calculated amount of hydrocarbon to a satur- 
ated solution of urea in either methanol or in ésopro- 
panol. The solution was cooled slowly in a lagged 
Dewar vessel. The largest crystals (about 15 mm. 
long) were removed and dried. The proton magnetic 
resonance spectra were measured at 25° C. on a 
Varian 4300 8B dual-purpose nuclear magnetic 
resonance spectrometer with a 12-in. magnet. The 
spectra were observed at a frequency of 40 Mc./s. 
and a magnetic field of 9,400 gauss. 

All the adducts studied showed similar spectra. 
These showed a broad resonance line of 6-9-7-1 
gauss half-width, mainly due to the protons of the 
urea cage, and a narrow line of about modulation 
width due to the protons of the enclathrated hydro- 
carbon molecules. By using minimum modulation 
(30 milligauss) and sweeping slowly through resonance 
(0-09 gauss/min.) the narrow resonance line observed 
for the urea/hexacosane adduct was estimated to be 
about 0-25 gauss wide. Fig. 1 shows a smoothed 
outline of a typical proton magnetic resonance 
spectrum observed for the hexacosane/urea adduct. 
Fig. 2 shows the proton magnetic resonance spectrum 
of hexacosane (m.p. 56° C.) itself under the same 
conditions. The main resonance peak is approxim- 
ately 8-0 gauss wide, and the second peak is pre- 








Fig. 1. Smoothed outline of derivative of typical proton magnetic 
resonance spectrum in m-hexacosane/urea adduct at 25°C. 
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Fig. 2. Smoothed outline of derivative of typical proton magnetic 
C. 


resonance spectrum of n-hexacosane at 25‘ 


sumably due to rotation of the terminal methy] 
gro‘ps. 

To confirm that the narrow resonance line observed 
(Fig. 1) for the hydrocerbon/urea adduct was due to 
the protons of the enclathrated hydrocarbon we 


studied the proton magnetic resonance spectrum of 


the n-hexedecane/urea-d, adduct. Only a narrow 
line comperable with that shown in Fig. 1 wes 
observed. This, of course, indicates that the enclath- 
rated hydrocarbon molecules ere rotating with some 
freedom, or executing torsional oscillations, about an 
axis parallel to the length of the channel in the urea 
complex. 

In contrast to the results given above for urea/ 
paraffin adducts we have observed that the thiourea 
cyclohexane clathrate spectrum at 25° C. has a line 
width of about 1-4 geuss due to the protons of the 
cyclohexane molecule. 
course, @ very narrow proton magnetic resonance 
absorption peak at 25° C. The broadening we 
observed when the cyclohexane is enclathrated in 
thiourea is obviously due to the restriction of the 
motion of the cyclohexane molecules in the thiourea 
cage. The crystal structure* of the thiouree/cyclo- 
hexane clathrate is known. From this it is easy to 
see how the normal rotations of the cyclohexane 
molecule at 25° C. are greatly restricted, or elimin- 
ated, when this molecule is  enclathrated in 
thiourea. 

We are continuing these researches and are determ- 
ining the line-widths of the proton magnetic 
resonance signals over a wide range of temperatures. 
It is hoped that the results will provide useful 
information concerning the interaction between the 
matrix and the enclathrated molecules. 

This work has been supported by grants from the 
National Research Council of Canada and we are most 
grateful to that body for its generosity. 


D. F. R. Gitson 
C. A. McDowELu 


Department of Chemistry, 
University of British Columbia, 
Vancouver 8. 

March 4. 
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Milk as an Eluant of Polycyclic Aromatic 
Hydrocarbons added to Wax 


PROTEINS in aqueous solution have been demon. 
strated to elute polycyclic aromatic hydrocarbon; 
from soot particles. The liberated hydrocarbons, 
although hydrophobic, are retained in solution by 
the proteins'. We wished to determine whether milk. 
a protein solution, would elute incorporated polyeyclic 
aromatic hydrocarbons from paraffin waxes despite 
the hydrophobic nature of the hydrocarbons. 

Dairy waxes as used commercially to impregnate 
milk cartons were selected as the vehicle for incor. 
poration of polycyclic aromatic hydrocarbons, | 
should be emphasized that the elution results reported 
here relate exclusively to the polycyclic aromatic 
hydrocarbons which were added, rather than to 
those occurring naturally in dairy wax. However, an 
analysis of several dairy waxes revealed the presence 
of a small amount of 1,2,5,6-dibenzanthracene of the 
order of one part per million in one of them. No 
3,4-benzpyrene could be detected at levels as low as 
lin 10°. The two polycyclic aromatic hydrocarbons 
chosen for elution studies were 3,4-benzpyrene and 
1,2,5,6-dibenzanthracene. Both belong to the group 
of polycyclic aromatic hydrocarbons usually asso- 
ciated with petroleum derivatives, and their presence 
in unrefined paraffin waxes from which dairy wax is 
made is probable. Both these hydrocarbons are 
potent carcinogenic agents. Our interest in 3,4 
benzpyrene is related to its ubiquitous environmental 
distribution ; 1,2,5,6-dibenzanthracene is pertinent 
because of its demonstration in a particular wax used 
for coating milk cartons. 


Table 1. ELUTION OF ADDED CARBON-14-3,4-BENZPYRENE FROM 


DAIRY WAX (54 HR.) 


Temperature 


| 
| 20°.C. 5°C. 
| | 





Whole milk 
Half and half* 
Buttermilk 
Skim milk 


94 per cent 63 per cent 
91 3 43 59 

t a 48 
‘ 99 43 





* Equal amounts of milk and dairy cream. 


Waxed surfaces containing added amounts of both 
polycyclic aromatic hydrocarbons were prepared in 
test-tubes so that a surface area of 26 sq. cm, 
sufficient to hold 10 ml. of milk, resulted. This 
represents between 3 and 4-6 times the ratio of waxed 
surface to milk content found in commercially avail- 
able milk cartons. The thickness of the waxed layer 
lining the tubes varied from 75 to 250z, while 
milk cartons thicknesses were 75-100u. The waxed 
layers were removed from the tubes by freezing 
solid carbon dioxide with subsequent thawing. A 
stereomicroscope was used for measurement. As 
anticipated, elution from thin layers regularly occurred 
more rapidly than from thicker layers. 

Four types of milk were selected for study : 
homogenized milk, skim milk, buttermilk, and a milk- 
cream mixture obtained commercially as ‘half am 
half’. Differences in fat content and pH in the four 
milks chosen were expected to yield clues relative 
the mechanisms of elution. 

Room temperature and usual refrigerator tm 
perature (5° C.) were selected for comparative studies 
as these are the two commonly encountered in mil 
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s°C. 
































HOURS 
Fig.1. Elution by milk of 3,4-benzpyrene added to wax 
use. In numerous experiments we established that 
the elution at the two contrasting temperatures of 
20° C. (room temperature) and 5° C. (refrigerator 
temperature) for the various milks was consistent 
and compatible. We therefore abandoned attempts 
at attaining identical thickness of wax and concentra- 
tion of carcinogen when consonant results had been 
obtained. 

The quantity of benzpyrene eluted by milk was 
determined at hourly intervals for the first 6 hr. 
of exposure by the difference in intensity of fluores- 
cence between the maximum at 405 my and the 
minimum at 427 my. The increase in fluorescence 
intensity is given in Fig. 1 for each of the milks at 
room temperature and at 5° C. As we wished to 
obtain additional information on the completion of 
elution, the exposure of wax to the particular milks 
was continued for 24 hr. After the 24-hr. exposure, 
individual waxes were exposed to fresh samples of 
each type of milk for an additional 30 hr. At this 
time, fluorescence could be demonstrated primarily 
in the upper rim of wax which had not been in 
contact with the milk. At one extreme, for example, 
the total amount of benzpyrene retained in the wax 
after 54-hr. contact with a butter-milk sample was 
found to be 1-8 per cent. Carbon-14~1,2,5,6-dibenz- 
anthracene was used rather than the unlabelled pure 
crystalline compound, as the minute amounts of the 
hydrocarbon used did not possess enough fluorescence 
energy to be detected. 

Elution of benzpyrene and dibenzanthracene was 
observed in all milk samples studied. Homogenized 
milk was the best eluant, with the remaining three 
showing slightly less potency. There was almost 
total elution of polyeyclic aromatic hydrocarbons 
during a 54-hr. period. The decrease in rate of 
elution incidental to the depletion of the waxes 
occurred as expected. At room temperature, the 
elution was more complete for all four types of 
samples. 

The presence of the polycyclic aromatic hydro- 
carbons in milk cannot be attributed to a possible 
solubilization of the wax in milk. This was estab- 
lished by the addition of a strongly fluorescent wax 
0 milk in all experimental circumstances and the 
ee failure to demonstrate fluorescence in the 


Milk, independent of its fat content, is an efficient 
luting agent and solvent of benzpyrene and 1,2,5,6- 
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dibenzaenthracene from hydrophobic wax following 
the incorporation of these carcinogenic hydrocarbons 
into wax. This occurs in a manner that is compatible 
with both the temperatures usually encountered and 
the duration of contact of milk with the waxed carton. 
This investigation has been supported by Grant 
CS-9156 from the Field Investigations and Demon- 
strations Branch of the National Cancer Institute and 
jrant LC-3 from the American Cancer Society. 


Hans L. Fatx 
Paut KoTin 
ADELE MILLER 


Departments of Pathology and Biochemistry, 
University of Southern California School of 
Medicine, 
and the Department of Pathology, 
Los Angeles County General Hospital. 
1 Falk, H. L., Miller, A., and Kotin, P., Science, 127, 474 (1958). 


Detection of Hydroxyl Groups in Porphyrins 
and Chlorins 


THE behaviour of porphyrin a?! and chlorin a, *, the 
iron-free prosthetic groups of cytochrome @ and ag, 
and cytochrome a, respectively, when run as the 
methyl esters on paper chromatograms in various 
solvent systems, suggests that these compounds 
contain a strongly polar group in one of the side- 
chains. In the case of porphyrin a, the formyl group, 
which is known to be present, would not alone 
account for the Rp values obtained. 

To test the possibility that the polar characteristics 
of these two tetrapyrroles were due to the presence 
of a hydroxyl group in the molecule, the following 
technique was devised. The porphyrin, or chlorin, 
was acetylated in a mixture of acetic anhydride and 
pyridine (1:10 v/v) at room temperature overnight, 
the mixture was then poured into ether and the 
ether washed well with 0-1 per cent hydrochloric 
acid followed by distilled water. Paper chromato- 
Rr VALUES OF HYDROXYLATED PORPHYRINS AND CHLORINS, 

AND THEIR ACETYLATED PRODUCTS 


Table 1. 


Sf TPPATy Te j PEERS RE 
Propanol- 


kerosene 


Chloroform— 
kerosene 





| Compound (methyl! esters) 


Alcohol | Acetate | Alcohol | Acetate | 





. Monohydroxyethyl | | | 


| 
| deuteroporphyrin 0-34 0-64 0°38 
| 


2. Monovinyl-mono- | 
hydroxyethyl! deutero- | 
porphyrin | 0-29 

. Haematoporphyrin 0-03 

. Monohydroxymethy! 
deuteroporphyrin 

. Monohydroxymethy! 
monovinyl deutero- 
porphyrin 

. Dihydroxymethyl 
deuteroporphyrin 

. 2-Formyl-4-hydroxy- 
ethyl deutero- 
porphyrin 

. Porphyrin a 

. Dioxyprotoporphyrin* 

. 2-Ethyleneglycol 
deuteroporphyrin 

. 2-a-Hydroxymeso- 
rhodochlorin 

2. 2-a-Hydroxymeso- 
chlorin p, 

. 2-a-Hydroxymeso- 
phaephorbide a 

. Chlorin a, 


0°34 
0:18 


0°24 


0-60 
0:56 


0-19 0°54 


0°54 0:31 


0-56 0-14 


0-58 
0°56 
0-56 
0-64 
0°80 
0-82 


0:26 
0-26 
0:30 
0-32 
0°34 
0-35 


0-78 | 0-34 
0-65 | 0-40 


0°16 
0:10 
0°15 
0°30 
0:31 
0°33 


0-10 | 
0:30 


0-62 
0°58 


0-61 
0°78 
0-80 





0:72 
0-60 





| 

Compounds 3, 7, 8, 9, 13 and 14 were prepared according to known 
methods, compounds 1, 2, 4, 5, 6, 10, 11 and 12 by methods which 
will be published elsewhere in detail. 


* This compound contains only one hydroxyl group and one acetyl 
side-chain (to be published elsewhere). 
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graphy of the acetates was then carried out in the 
chloroform—kerosene, or the propanol—kerosene sys- 
tems of Chu e# al.*, and the Ry values obtained 
compared with those of the parent compound. These 
Ry values and those of a number of model hydroxy]- 
ated porphyrins and chlorins and their acetates are 
given in Table 1. 

The difference between the Ry value of a compound 
with a free hydroxyl group and that of its acetate is 
of some value in distinguishing between the presence 
of one or more hydroxylated side-chains in the 
molecule. 

From the values given in Table 1 it is clear that 
porphyrin a, chlorin a2, and dioxyprotoporphyrin‘, 
an irradiation product of protoporphyrin, each 
contain a hydroxylated side-chain, probably only one 
in each compound. 

Further work is being carried out in this laboratory 
to determine the nature and position of the hydroxyl 
groups in these tetrapyrroles. 

I wish to thank Dr. R. Lemberg for his interest 
and advice. This work was supported by a grant 
from the National Health and Medical Research 
Council of Australia. 


J. BARRETT 


Institute of Medical Research, 
Royal North Shore Hospital, 
Sydney. 

Feb. 11. 
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Collagen Content of Normal Connective 
Tissue, of Tissue surrounding a Tumour 
and of growing Rat Sarcoma 


THERE have been several studies of the qualitative 
and quantitative changes produced in different 
components of connective tissue after treatment of 
normal animals with carcinogens'. However, little 
attention has been paid to the changes in the con- 
nective tissue during the growth of a tumour. This 
communication reports studies in the collagen 
content of neoplastic tissue, as well as of the tissue 
surrounding the tumour, during the development of 
the neoplasm in rats. The quantities of collagen in 
subcutaneous tissue taken from the upper part of the 
abdomen (at a considerable distance from the 
tumour) were taken as controls. 

The experiment was carried out on male and 
female white rats aged 2-4 months. A fragment of 
Guérin carcinoma was implanted subcutaneously into 
the backs of 11 male rats, which formed one group of 
animals, and a fragment of transplantable sarcoma 
(42nd passage) first induced by methyl cholanthrene 
was implanted into the second group of 30 rats 
comprising both males and females. At different 
intervals between 3 and 30 days after grafting the 
tumour the animals were killed, and specimens of 
the tissues mentioned above were taken for determ- 
ination of collagen by the Neuman-—Logan method?. 
The method was modified by shaking the sample 
with the same volume of ethyl acetate just before 
reading the absorption. In this way the coloured 
impurities originating in either the reagent or the 
extract were removed. Fig. 1 shows the collagen 
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Fig. 1. a, Collagen content in rat neoplastic tissue during develop- 

ment of Guérin carcinoma in males(O)and during growth of sar- 

coma in.males (@) and females (+). 6, c, d, Collagen level in the 

tissue surrounding tumours under investigation. e, Arithmetic 

mean of collagen determinations in normal subcutaneous tissue 
of male tumour hosts (A) 


content of the tissues investigated. Every point 
represents the mean of three parallel analyses. 

Curve a shows the dependence of collagen content 
in the neoplastic tissue on weight of tumour. In the 
first stage of development of the tumour there is 4 
rapid decrease in the collagen content, after which 
its level remains unchanged. The levels of collagen 
in neoplastic tissue of male and female rats bearing 
sarcoma as well as of males bearing Guérin carcinoma 
are of the same order. There are no significant 
differences in the collagen content depending either 
on the sex of the host or on the kind of tumour. 

Curves b, ¢ and d represent determinations of 
collagen in tissue surrounding the tumour. In 
contrast to the neoplastic tissue, here the level of 
collagen depends significantly on the sex of the host. 
The collagen contents in males bearing sarcoma are 
almost twice as high as in females bearing the same 
tumour. Moreover, in males the tissue surrounding 
the carcinoma contains less collagen than that 
surrounding the sarcoma. 

The line, e at the top of Fig. 1 represents the 
arithmetic mean of the collagen determinations ; it 
characterizes the quantity of collagen in the normal 
subcutaneous tissue of male tumour hosts. It is 
evident that the collagen-level in normal tissue 18 
higher than that in the tissue surrounding the 
tumour, This suggests that the subcutaneous tissue 
reacts to the tumour either by decreased synthesis 
or by increased catabolism of collagen. 

The significant difference in the level of collages 
in tissue surrounding the tumour in male and female 
rats bearing the sarcoma probably is the result 
of hormonal differences. The findings deseribed 
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above are in agreement with observations on the 
inhibition of collagen fibril formation caused by the 
estrogens* and on the decreased collagen synthesis 
infemale rats as compared with males‘. 
Maria GRABOWSKA 
Department of Tumour Biology, 
Institute of Oncology, 
W. Armii Czerwonej 15, 
Gliwice, 
Poland. 
Feb. 3. 
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Glutamic-Aspartic Transaminase of Pig 
Heart Muscle 


THE glutamic-aspartic transaminase of pig heart 
muscle has been more than 98 per cent resolved into 
apoenzyme and co-factor by carrying out a differential 
heat inactivation in phosphate buffer in the course of 
purification of the enzyme. The apoenzyme has been 
purified 64-fold, by relatively simple and reproducible 
techniques. The highest purification factor previ- 
ously reported! for the apoenzyme is 26. The specific 
activity of the purified apoenzyme compares favour- 
ably with that of an electrophoretically homogeneous 
preparation of the holoenzyme*. Cammarata and 
Cohen’s suggestion’ that purification of the apoenzyme 
necessarily results in partial inactivation has been 
disproved, since it is possible to account for all the 
enzyme activity among the various protein fractions 
obtained at each step in the purification. 

The initial rate of reaction between aspartate and 
a-ketoglutarate is linearly dependent on the concen- 
tration of the purified transaminase only up to 0-004 
mgm. protein c.c.-!. Above this level the dependence 
of reaction-rate on enzyme concentration deviates 
markedly from a linear relation. For the reverse 
reaction, the dependence of the reaction-rate on 
enzyme concentration is linear up to 0-01 mgm. 
protein c.c.-!, This phenomenon has been reported 
for crude enzyme preparations®‘; but its conse- 
quences have not been considered in any kinetic 
studies reported hitherto. The following evidence 
does not support the suggestion‘ that the non-linear 
dependence of reaction-rate on enzyme concentration 
is due to the existence in solution of an equilibrium 
between active and inactive forms of the enzyme. 
First, the initial rate of reaction is unaffected by 
reagents known to break down protein aggregates, 
for example, benzene, ionic detergents and high salt 
concentrations. Second, when the same low concen- 
tration of pyridoxal-5’-phosphate (4y c.c.-1) is used 
for reactivation of a concentrated and dilute solution 
of the apoenzyme, equivalent amounts of enzyme 
taken from the two preincubation mixtures give the 
same initial rate of transamination on addition to the 
substrates. This shows that if aggregates are formed 
at high protein concentrations the aggregation is 
such that the sites occupied by the co-factor are not 
masked. Third, the proposed equilibrium between 
active and inactive forms of the enzyme must be 
established very rapidly since the observed initial 
tates of reaction depend only on the enzyme concen- 
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tration in the reaction mixture and not on the con- 
centration of the enzyme during the period of 
preincubation with the co-factor. 

The variation of the rate of reaction with enzyme 
concentration is independent of the purity of the 
enzyme and is unaffected by the addition of a boiled 
extract of pig heart muscle. It is therefore unlikely 
that the non-linear dependence of reaction-rate on 
enzyme concentration is due to the presence of an 
inhibitor in the original protein extract. 

Bonavita and Scardi® concluded that the co-factor 
was attached to the enzyme through the 4-formyl 
group and that this group was not free to take part 
in Schiff’s base formation with the substrates as 
suggested by Snell and co-workers*. This conclusion 
was based on the absence of inhibition of transamina- 
tion by cyanide ions when added, in excess, to the 
reactivated enzyme followed by 12 hr. dialysis before 
assay, whereas inhibition did occur when the cyanide 
ions were preincubated with the co-factor before 
reactivation of the apoenzyme. In the present work, 
using cyanide ions and pyridoxal-5’-phosphate in 
equimolar concentrations, the same degree of inhibi- 
tion (75 per cent) was observed both when the cyanide 
ions were added to the reactivated enzyme and when 
the co-factor was incubated with cyanide prior to 
reactivation of the apoenzyme. 

The equilibrium constants for the reaction between 
the apoenzyme and the two forms of the co-factor 
have been measured under conditions in which there 
can be no shift in the equilibrium during the assay 
of the holoenzyme concentration. Previous determ- 
inations of the equilibrium constants!’ have been 
unsatisfactory because such precautions have not 
been taken. It appears that the true equilibrium 
constant for pyridoxal-5’-phosphate is some ten 
times greater than that for pyridoxamine-5’-phos- 
phate. 

Braunstein® has suggested that the equilibrium 
constant for the overall transamination reaction 
depends on the purity of the transaminase prepara- 
tion used. The equilibrium constant has been 
determined using a highly purified enzyme solution, 
and the mean value of K, from some twenty determ- 
inations, is 6-50, in close agreement with the value 
of 6-74 found by Krebs® using a crude extract of horse 
heart muscle. 

We wish to thank Prof. R. 8. Nyholm for the 
interest he has shown in this work. The Nuffield 
Foundation is thanked for a grant for apparatus and 
for the award of a fellowship to one of us (K. G. O.). 
One of the authors (B. E. C. B.) acknowledges, with 
thanks, a research scholarship awarded by the 
Medical Research Council. 


B. E. C. Banks 
K. G. OLpHAM 

E. M. THAIN 

C. A. VERNON 


William Ramsay and Ralph Forster Laboratory, 


University College, 
Gower St., 
London, W.C.1. 
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Deoxyribonucleic Acid Content cf the 
Cell-Nuclei in the Adrenal Meduffa 


after Exposure to Low 
Temperatures 


As has been shown by H. Roels! in other endocrine 
glands, I have found that, in the adrenal medulla of 
the white rat, there is a correlation between the mean 
deoxyribonucleic acid content of the nuclei and cell 
activity. A preliminary communication on this topic* 
reports an increase of the nuclear deoxyribonucleic 
acid content after stimulation by means of daily 
injections of insulin, and also an important decrease 
in the resting gland after bilateral splanchnectomy. 

The present communication is devoted to experi- 
ments on stimulation of the adrenal medulla by means 
of exposure to low temperature ; the stress produces 
hypersecretion of adrenaline. 

Five male rats were kept for a fortnight in a re- 
frigerator at nearly 4°C, They were killed, together 
with five controls. The adrenals and a control testis 
were simultaneously fixed in alcohol, formol and acetic 
acid (75: 20:5), dehydrated and embedded. Sec- 
tions (102) of the different objects were mounted 
on the same slide, in order to obtain homogeneous 
Feulgen staining. The deoxyribonucleic acid content 
of the individual nuclei was measured in situ by 
Lison’s histophotometrical method’. As the deoxy- 
ribonucleic acid contents obtained were given in 
arbitrary units, we used as a standard a ‘theoretical 
diploid value’, being half the mean content of 50 
spermatocytes [ measured in the control testis. The 
results are summarized in Table 1. 


Table 1 





£ logz | & | slogz | n 


Spe rmatocytes T 2,663 3-425 0-004 
Theoretical 2s value, 


0-006 5 
332 


‘Controls 284 308 3: 0-046 0-008 | 50 
285 366 0-067 0-009 50 | 
0-045 0-006 50 | 
0:°055 0007 50 
8-102 0-053 0-007 50 
3-103. | 0-052 | 0-003 | 250° 
1c Cold- Soanben 289 3° 167 0-043 0-006 
90 4: ¢ 3 0-039 0-005 
291 389 3°142 0-042 0-005 
292 372 3-136 0-034 0-004 
293 | 15446 3-180 | 0-039 0-005 
Pool 1,414 3°150 0041 0-008 2 


3- 
2386 ,200 3- 
287 210 3: 
288 ,267 


" Pool 1,268 | 





As the different individual deoxyribonucleic acid 
contents of the nuclei present a log-norma] distribu- 
tion, the statistical computations are made using the 
logarithms of these values. ot 

Comparing cold-treated animals and controls, it ‘S 
clear that the stimulation of the adrenal medulla i 
accompanied by an increase in the mean deoxy- 
ribonucleic acid content of the nuclei, which for the, 
pooled results reaches 11-4 per cent (¢ = 7:0; P < 
0-001). 

This investigation was aided by a grant from the 
Belgian F.N.R.S. 

L. LEEMAN 

Laboratory of Human and Comparative 

Anatomy, 

University of Ghent. 

Jan. 30 

1 Roels, H., Nature, 174, 514 (1054); C.R. Soe. Biol., 150, 2278 
(1956); Arch. Biol., 67, 211 (1956); Nature, 182, 873 (1958). 

* Leeman, L., Hap. Cell Res. (in the press). 


‘Lison, L., Acta Anat., 10, 383 (1950). 
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New Types of Salting-out Paper 
Chromatograms of Antibiotics 


AccoRDING to Miyazaki, Omachi and Kamata), 
antibiotics can be grouped according to their salting. 
out chromatograms. Pure antibiotics and ma‘ e tials 
containing antibiotics were examined by the aid of 
ascending paper chromatography. As _ irrigation 
solvents in each case and with each antibiotic, dis. 
tilled water and rising concentrations of ammonium 
chloride (0-5, 1, 2, 3, 5, 10, 20 per cent and saturated) 
were used. Location of the spots of the antibiotics, 
that is, the Ry values, were ascertained bio-auto. 
graphically. 

Antibiotics were divided into four groups. In those 
of group A the Ry value is not correlated with the 
concentration of the ammonium chloride solution, 
identical values being found at all concentrations 
and in distilled water. To this group belong peni- 
cillin, grisein, chloramphenicol, aureothricin, and the 
special substance 2. In group B are those antibiotics 
which have an &p value 0 in distilled water, and 
increasing Ry values with increasing concentrations 
of ammonium chloride. They are: streptomycin, 
streptothrycin, luteomyein, fuscomycin, xanthomy- 
cin and flaveolin. Group C is different from group B, 
displaying the highest Rp value in distilled water, 
and lowering of the values with increasing concen- 
tration of the solution of ammonium chloride. 
Members of this group are: actinomycin and 
griseoflavin. Group D consists of antibiotics which 
do not display any movement whatever in an 
irrigating solvent from the starting point; eventu- 
ally increased tailing tendency was observed with 
higher concentrations of the solutions of ammonium 
chloride. Aureomycin and terramycin are members 
of this group. 

These results obtained by Miyazaki et al. have been 
confirmed by my experiments with salting-out paper 
antibiotics. Moreover, I have 
existence of other types of 


chromatography of 
been able to show the 
salting-out paper chromatograms of antibiotics with 
antibacterial action, of actinomycetal origin. 

In group £ are antibiotics which have an Rp 
value 0 in distilled water, and an initial increase with 
rising concentrations of the solution of ammonium 
chloride, the maximum being (Rr = nearly 1) in 
5 per cent ammonium chloride. Thereafter a decrease 
occurs, as shown in Fig. 1. The line connecting the 
different Ry values is of the shape of a truncated 
parabola. This type of paper chromatogram was 
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Fig. 1. e salting-out pape Noi wey pe 4 yo 
aS Sdisen ok ay 2,0°5; 


per cent ; and 9, saturated ammonium chloride solutions” 








mole 
the 

the | 
curv 
r egal 
midy 
At 


April 25, 1959 


No. 4669 











20% sat. 
Ammonium chloride 
Fig, 2. Curves of the salting-out paper chromatograms of three 
macrolides. , Oleandomycin; ------, erythromycin ; 

, carbomycin 


Water 0-5 1 2 3 5 10 


found in the well-known macrolides (for example, 
oleandomycin, erythromycin and carbomycin). With- 
in the group, further differentiation of these three 
macrolides was possible. The curvature of the 
truncated parabola—best demonstrated by the Ry 
value in saturated solution of ammonium chloride— 
is different in these three compounds. The slightest 
curvature occurred with oleandomycin, the Rp value 
in saturated ammonium chloride being 0-82; the 
maximal one with carbomycin (under identical 
conditions the Rr was 0-42). A midway position 
is occupied by erythromycin (#f value being 0-59), 
as shown in Fig. 2. Obviously, the curvature 
of the truncated parabola is proportional to the 
molecular weight of these three macrolides. With 
the least curvature for oleandomycin is associated 
the least molecular weight (689); with the greatest 
curvature of carbomycin the highest one (844). As 
regards molecular weights, erythromycin is again 
midway between these (733). 

At present, only one antibiotic can be placed in 
group F, This is desertomycin, produced recently by 
Uri et al.2. The characteristic feature of the salting- 
out paper chromatogram is the 0 value of Ry in 
distilled water. A rise of the Rp values is associated 
with increasing concentration of ammonium chloride 
up to 3-5 per cent; thereafter, however, Rp values 
decrease, and the value R F = 0 is associated with sat- 
wated ammonium chloride solution, This type of 


Fig. 3. Salting-out paper chromatogram of desertomycin, Num- 
bers asin Fig. 1 


NATURE 


1189 


chromatogram is shown in Fig. 3. By connecting the 
single Rp values, a paraboloid curve is obtained. This 
seems to unite groups B and C of Miyazaki et al., the 
main representatives being streptomycin with primar- 
ily antibacterial activity, and actinomycin which is 
endowed with a cytostatic effect also. Desertomycin 
exerts an antibacterial as well as a cytostatic activity, 
as I have shown. Since this type of salting-out 
paper chromatogram has not been reported among 
antibiotics hitherto studied, in addition to its other 
characteristics, this feature is further proof that 
desertomycin is a new antibiotic. i 
JosEPH URI 
Department of Pharmacology, 

University Medical School and 

Institute for Antibiotic Research 

of the Hungarian Academy of 

Sciences, 
Debrecen, Hungary. 
Jan. 17. 
1 Miyazaki, J., Omachi, K., and Kamata, T., J. Antibiotics (Japan), 
6, 6 (1953). 
2 Uri, J., Bognaér, R., Békési, I., and Varga, B., Nature, 182, 401 (1958). 


[ANIMAL PHYSIOLOGY 


Thyroxine-releasing Effect of Salicylate 
and of 2,4-Dinitrophenol 


Tue fact that salicylate increases the oxygen 
consumption in man was first observed by Denis and 
Means! in 1916. This observation has since been 
corroborated by several other investigators?. The 
oxygen consumption of tissues removed from animals 
treated with salicylate is likewise increased’. 

Coincident with the increase in metabolic rate, 
there is a decrease in the protein-bound iodine of the 
serum, and the fractiona] rate of disappearance of 
injected radiothyroxine from the circulation increases’. 
Furthermore, salicylate causes a reduction in the 
uptake of radioiodine by the thyroid’, but the 
uptake is increased after stimulation by thyrotropin‘. 
Similarly, 2,4-dinitrophenol can induce a rise in basal 
metabolic rate and a coincident fall in protein-bound 
iodine in the serum*. In experiments with laboratory 
animals, it has been found that dinitrophenol may 
reduce the uptake of iodine-131 by the thyroid®. The 
mechanisms by which salicylate and dinitrophenol 
act have not been elucidated. 

All these observations could, however, be explained 
by an increase in the plasma level of free thyroxine, 
that is, thyroxine not bound to protein. It is pre- 
sumably the concentration of free thyroxine which 
controls the quantitative biological effect of the 
thyroid hormone’. 

Austen, Rubini, Meroney and Wolff? found no 
change in the concentration of thyroxine-binding 
protein after salicylate administration. They con- 
cluded that the effects of salicylate could not be due 
to a change in the binding of thyroxine. 

I have recently described a method for direct 
determination of free plasma thyroxine® which has 
permitted a renewed investigation of this problem. 

The interaction between thyroxine (7x) and 
thyroxine-binding protein (P) may be expressed by 
the reaction scheme : 

Ta + PzwT72FP 


where the equilibrium is displaced so far to the right 
that less than one-thousandth of the total thyroxine 


is free. 
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Application of the law of mass action gives : 


ee [PBT] 1 
(Px4] . [Punsat.] ( ) 
where Jazz denotes free thyroxine and Pyngat. 
unsaturated thyroxine-binding protein. On the 
assumption that all organic iodine present is in the 
form of thyroxine, TP has been replaced by PBI in 
the equation. 

It should thus be possible to obtain an estimate of 
[T'xy] if the unsaturated protein could be determined 
in addition to the protein-bound iodine, which may 
be analysed chemically. 

If a tracer dose of radiothyroxine (7'x'*"I) is added 
to a sample of serum, the following relationship will 
be valid after equilibrium has been established : 

(T'x***Ty] oo [PBT] 
(Tx [PBI (2) 

When the expression (1) for [Zz] is inserted in 
this equation, we obtain : 

[ToT] <K 
[PBI]  [Punsat.] 

Thus it is seen that the denominator of the fraction 
in equation 1 can be calculated by determining the 
fraction of the added quantity of radiothyroxine that 
is present in the free state. ([7'zy] can also be 
calculated directly from equation 2.) 

The determination was carried out as follows. A 
‘Plexiglas’ vessel consisting of two separate, identical 
parts was assembled with a ‘Cellophane’ membrane 
between the two halves. In one of the chambers thus 
formed was placed 10 ml. of serum, to which radio- 
thyroxine was added (chamber A). In the other 
chamber was placed 10 ml. of serum to which the 
same quantity of normal thyroxine was added 
(chamber B). The assembly was incubated in a 
constant-temperature bath with adequate stirring of 
the solution containing the radiothyroxine. 

The free Tz!**I passes through the membrane at a 
rate proportional to its concentration. During the 
first 24 hr., two samples of 4 ml. or three of 3 ml. 
were withdrawn from chamber B. At the same time 
an equal volume was removed from chamber A. 

Since the T'z"*!I employed contained some inorganic 
iodine-131, the samples had to be washed carefully®, 
after which the content of 7'x'*I was determined in 
a well-type scintillation counter. The result is 
expressed as per cent of the total PBI in chamber 
A. Details of the experimental procedure are 
described elsewhere®. 

The results are shown in Fig. 1 and in Table 1. 


Table 1. 








EFFECT OF ADDITION OF 2,4-DINITROPHENOL 





Percentage increase of free 
thyroxine 


0-5 9 
1-0 18 
3-0 25 
5-0 38 


2,4-Dinitrophenol added 
(mgm./100 ml.) 

















As can be seen from Fig. 1 the salicylate evidently 
causes a substantial increase in the amount of T'x!#1I 
passing through the membrane. According to the 
above considerations this must be due to an increase 
in free thyroxine. 

The thyroxine-releasing effect of salicylate and of 
dinitrophenol is probably a result of binding of these 
substances to some of the thyroxine-binding sites of 
the plasma proteins. Whether this is true only of 
the albumin or whether it also applies to the specific 
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20 


Percentage of total 7z™*I passing membrane 








Time (hr.) 


Fig. 1. A, Amount of 7z™ I passing through the membrane at 
various times; B, effect of 10 mgm. sodium salicylate per 100 ml, 
added to both chambers; C, as B with 50 mgm. sodium salicylate 


thyroxine-binding protein cannot be decided on the 
basis of the present investigations. 

After administration of an ordinary dose of sali- 
cylate, the level in the plasma is in the range? 20- 
50 mgm./100 ml. Thus the above experiments 
can explain the rapid calorigenic action of salicylate, 
and also the fact that the action is transient. The 
increase in free thyroxine explains the increased 
fractional rate of disappearance of injected radio- 
thyroxine and the fallin PBI. Furthermore, the fall 
in the uptake of radio-iodine by the thyroid, and the 
increase after administration of thyrotropic hormone, 
may be explained by the increase in free thyroxine. 

Thus, the experiments definitely support the idea 
that it is the free plasma thyroxine that regulates the 
pituitary effect on the thyroid. 

The dose of dinitrophenol that causes a calorigenic 
effect in man is 200-300 mgm./24 hr. period. This 
dose may well give rise to plasma concentrations of 
dinitrophenol within the concentration-range in 
Table 1. Possibly dinitrophenol also has a direct 
effect on the uncoupling of oxidative phosphoryla- 
tion’®, The effect may even be a more important 
factor in its calorigenic effect. However, the fall 
in protein-bound iodine and the possible fall in the 
thyroid uptake of radioiodine can presumably only 
be explained by the increase in free thyroxine. 

L. KorsGaarp CHRISTENSEN 
Medical Department, 
Gentofte Hospital, Copenhagen. 
Dec. 4. 

2 Denis, W, and Means, J. H., J. Pharmacol. Exp. Therap., 8, 273 
* Austen, F. K., Rubini, M. E., Meroney, W. H.;and Wolff, J.,J- Clin. 

Invest., 37, 1131 (1958). 
* Brody, T. M., J. Pharmacol. Exp. Therap., 117, 39 (1956). 
* Wolff, J., and Austen, F., J. Olin. Invest., 37, 1144 (1958). 
* Wolff, J., Rubin, L., and Chaikoff, I. L., J. Pharmacol. Exp. Therap., 

98, 45 (1950). 


® ba R. C., Wolff, J., and Greep, R. O., Endocrinol., 56, 560 


7 Robbins, J., and Rall, J. E., “Rec. Prog. Horm. Res.”, 13, 161 

* Christensen. L. K., Scand. J. Lab. Clin. Invest. (in the press). 

* Christensen, L. K., Scand. J. Lab. Clin. Invest., 10, 211 (1958). 

© Witter, R. F., Newcomb, E. H., and Stolz, E., J. Biol. Chem., 2% 
291 (1953). 
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Influence of Dietary Cod-liver Oil and 
Some Fractions of Cod-liver Oil on 
Serum Cholesterol-level of Rats 


FroM numerous experiments with humans and 
experimental animals it is known that the cholesterol 
content of the blood is greatly influenced by the 
amount and kind of dietary fat. In general, the 
relatively unsaturated vegetable fats decrease the 
serum cholesterol-level, while an increasing influence 
is observed with the relatively saturated animal fats. 
The highly unsaturated oils from marine animals, 
however, exert & potent cholesterol-lowering activity. 
This effect was observed in humans following the 
consumption of seal oil’, sardine oil*, whale oil® and 
pilchard oil** and also in rats fed sardine oil*, 

So far it is not yet decided what compounds of the 
fats are responsible for the action on cholesterol. 
The polyenoic acids, linoleic acid and arachidonic acid, 
applied in pure form, were found to be very active in 
lowering serum cholesterol-levels*, whereas hydro- 
genation of highly unsaturated fats was accom- 
panied by a decrease in activity’. These findings 
suggest that the fatty acid fraction is responsible 
for the effect observed. However, other experiments 
suggest that the unsaponifiable fraction of vegetable 
oils possesses cholesterol-lowering properties®.’. 

We have studied the cholesterolemic properties of 
cod-liver oil and some fractions thereof by feeding 
them to groups of 10-12 newly weaned rats in a 
hypercholesterolemic basal diet of the following 
percentage composition: casein 15, potato starch 
10, wheat starch 57-5, minerals 4, vitamin mixture 
2-1, choline chloride 0-2, hydrogenated coconut oil 
10, cholesterol 1-0 and cholic acid 0-2. Different 
fats or fractions of cod-liver oil were added at the 
expense of equal amounts of wheat starch. Fractions 
of cc ‘iver oil were prepared after saponification 
with potassium hydroxide in the presence of ethanol. 
The soap was split by the addition of hydrochloric 
acid and the resulting fatty acids washed and dried 
in a centrifugal separator. The fatty acids were then 
allowed to crystallize for 24 hr. at 15° C. and filtered 
through a bag filter at the same temperature. The 
fatty acid fractions were esterified with ethyl alcohol 
in the presence of sulphuric acid and the resulting 
esters refined, washed and dried under vacuum. The 
unsaponifiable matter was isolated by extracting a 
diluted solution of cod-liver oil soap with methylated 
ether. After three extractions, the solvent was 
removed from the washed extract by evaporation, 
the residue re-saponified and extracted with ether. 
The ethereal extract was then washed with dilute 
potassium hydroxide solution, followed by water 
washes until neutral, evaporated and dried under 
vacuum. The aqueous soap solution from which the 
unsaponified matter had been extracted was freed 
from dissolved ether, the soap split with acid and the 
fatty acids purified and esterified as above to give the 
fatty ester fraction free of unsaponifiable matter. 

After feeding the experimental diets ad lib. over 
four weeks, the amount of total serum cholesterol of 
each rat was determined by the Liebermann- 
Burchard reaction. 

The results presented (Table 1) show that the 
growth-rate was very poor, that is, only half that 
obtained on a stock ration. This may be ascribed 
to the sub-optimal protein content and the high fat 
content of the diet and to the presence of cholesterol 
and cholic acid. With corn oil in the diet, growth- 
tate was highest and somewhat higher than with 
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Table 1. MEAN GAIN IN WEIGHT, Foop CONSUMPTION AND SERUM 
CHOLESTEROL 





Total 
serum 
er 2 
omit) 


Daily food 
Addition to basal diet 





Hydrogenated coco- 
nut oil 

Corn oil 10 

Cod-liver oil 10 

Ethyl esters of fatty 
acids liquid at 2° C. ; 
iodine value 189 10 

Ethyl esters of fatty 
acids liquid at 15° C, ; 
iodine value 161 10 

Ethyl esters of fatty 
acids solid at 15° C. ; 
iodine value 135 10 


None 

Cod-liver oil 10 

Unsaponified matter 0-4 

Ethyl! esters of fatty 
acids 10 

Unsaponified matter + 
ethyl esters of fatty 
acids 10 


10 * 5 784 
" 4 430 
196 


241 


884 
205 
750 


281 


321 























cod-liver oil. The esterified fatty acid fractions caused 
a decrease in food intake which was paralleled by a 
slower growth-rate. 

The serum cholesterol-level obtained with corn 
oil was much lower than with hydrogenated coconut 
oil. With cod-liver oil a significantly lower value was 
obtained than with corn oil (P = 0-003 according 
to Wilcoxon’s test). The ethyl esters of cod-liver oil 
fatty acids decreased the cholesterol content to nearly 
the same degree as did whole cod-liver oil. The mean 
serum cholesterol values obtained with the cod-liver 
oil fractions with different melting points were not 
significantly different. This may be the result of 
incomplete separation or of equal cholesterol-lowering 
properties of the various fatty acids present in the 
different fractions. The unsaponifiable fraction, in 
an amount equivalent to the level present in the 
whole cod-liver oil, exerted no distinct hypocholestero- 
lemic action. The combination of unsaponified 
fraction with the esterified fatty acid fraction resulted 
in a mean value not significantly different from that 
obtained with whole cod-liver oil (P > 0-05). 

From these results it is concluded that cod-liver 
oil has a higher cholesterol-lowering activity than 
corn oil. The fatty acid fraction accounts for most 
if not all of the activity. The unsaponifiable fraction 
shows no distinct activity. 


A. P. pE Groot 


Central Institute for Nutrition and 
Food Research, T.N.O., 
Utrecht. 
S. A. REED 


Marfleet Refining Co., Ltd., 
Hull. 
Jan. 22. 
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i, 521 (1956). 
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* Ahrens, E. H., Hirsch, J., Insull, W., Tsallas, T. T., Blomstrand, 
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* Beveridge, J. M. R., Connell, W. F., Mayer, G. A., and Haust, H. L., 
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Serological Relationships in the Genus 
Gadus 


LirrLe information is available concerning the 
serological relationships of fishes, and virtually 
nothing is known concerning the serology of the 
economically important genus Gadus. 

Three species from this genus have been investigated 
in our laboratory, namely, the cod (Gadus callarias 
L.), the haddock (G. aeglifinus L.) and the pollack 
(G. pollacius L.). Blood was obtained from these 
three species by opening the animal after stunning, 
and taking it directly from the heart. The blood 
was allowed to clot, the serum separated, and merthio- 
late added to give a concentration of 1 : 10,000. The 
stock of rabbits used proved rather refractory, and 
the potency of the antisera was lower than might 
have been hoped. Three moderately satisfactory 
antisera were obtained, the first an anti-haddock 
serum R71, and two anti-cod sera R72 and R 712. 
Each of these antisera was produced after a course of 
intravenous injections of the fish serum. In the case 
of the anti-haddock serum, the intravenous course 
was followed, after a month’s rest, by one series of 
intraperitoneal injections. In the case of the anti-cod 
serum, R712, the second series of injections were 
subcutaneous. Anti-cod serum R72 was produced 
by a single course of four intravenous injections. The 
amount used for each injection was 0-25 ml. of serum, 
and a course consisted of either three or four injec- 
tions, given on alternate days. The characteristics 
of the antisera are shown in Table 1. 


Table 1. CHARACTERISTICS OF THE ANTISERA 





Homologous | 
photroner curve | 
area | 


| Serum used | Reciprocal of 
| Antiserum | from : | homologous titre 


| R71 | Haddock 





1,000 107 
84:5 


R 7 | Cod 
92:8 


1,000 
R712 | Cod | 10,000 





The serological correspondence between the various 
species was determined using the photronreflecto- 
meter as described by Boyden and Delfaco'’. The 
relationship ratios are given in Table 2. These 
ratios are calculated by expressing the area under 
the curve (ot value) of the second of the pair being 
compared as a percentage of the first. The reciprocal 
figures are also included (asterisks). Thus the cod/ 
pollack ratios are.derived from curves for antisera 
R 712 (100:21) and R71 (27:100). The curves 
obtained from antiserum R 71 are shown in Fig. 1. 


Turbidity units 


= 
— 











Fig.1. mm, Haddock; @, pollack; %, cod 
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Table 2. RELATIONSHIP RATIOS 





Antiserum used | Ratio 





Cod | 7 :24 
/ R : 37 
Haddock | :25* 

Cod } 2 32} 


727° 


294 


/ 
Pollack 
Haddock 


/ 
| Pollack 
vane | 
* Reciprocal figures. 





: 87* 





It will be seen that serologically haddock and 
pollack are closely related and that the cod is about 
equally remote antigenetically from both. 

We are grateful to the Medical Research Couneil of 
Ireland for a grant to purchase the photronreflecto. 
meter used in these studies and to the Director, and 
Mr. R. J. Beverton, of the Lowestoft Fisheries 
Laboratory for sending fish sera and for enabling me 
to visit the Arctic in the summer of 1956 to collect 
the cod and haddock sera. 

Ferevus J. O’Rourke 

Department of Zoology, 

University College, 
Cork. Jan. 12. 
1 Boyden, A.,and Defalco, R. J., Physiol. Zool., 16, 229 (1943). 


Cephalotoxin : the Crab-paralysing 
Agent of the Posterior Salivary Glands 
of Cephalopods 


THE presence of a substance, toxic to crabs, in the 
posterior salivary glands of cephalopods (Giftdrusen 
of the German authors) has been known for a long 
time!. When a drop of saliva collected from Octopus 
is injected into a crab, a sequence of reactions 1s 
observed followed by complete paralysis of the 
animal?. Active substances have been extracted from 
the posterior salivary glands of octopuses’, and their 
presence has been demonstrated in external and 
internal] secretions‘. Most of these substances have a 
powerful action on crabs and upon isolated organs of 
molluscs and other invertebrates’. Tyramine, the 
substance first isolated from the glands by Henze‘, 
was, and still is, believed to be the toxic agent’. 
However, none of the extractive substances found in 
the posterior salivary glands of cephalopods, even 
tyramine, can reproduce the paralysing action of the 
crude extracts or of saliva. The observations of 
Livon and Briot®, recently confirmed by me’, claim a 
more complex composition. The active principle is 
inactivated by heating, does not pass through 
dialysing membranes and can be purified by precip- 
itation with ammonium sulphate. 

From the posterior salivary glands of Sepia 
officinalis we have now purified a protein which, when 
injected into crabs, has the same effect as the dialysed 
extract from the same organ. The active protein has 
been called cephalotoxin. 

As a measure of purification an arbitrary unit was 
taken which is defined as the amount of toxin which 
paralyses in 15 min. a crab weighing 40-50 gm. The 
animal used in all the experiments was the crustacean 
decapod Eriphia spinifrons. Control animals were 
injected with equal amounts of extract previously 
heated at 100° C. for 5 min. Specific activity was 
calculated as units per mgm. of protein. The proteim 
content was determined colorimetrically with the 
Folin-phenol reagent?®. 
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After several attempts the simplest and easiest 90 per cent (v/v) heavy water, growth on glucose, 
procedure for extraction and purification of cephalo- either in light or in darkness, is inhibited to a much 
toxin was found to be the following. smaller extent. 

The organs are homogenized in a Waring blendor Chlorella vulgaris (Pearsall’s strain) was grown in 
with 2 vol. cold 0-5 per cent potassium chloride, pure culture in medium buffered at pH 6-14. Glucose 
extracted for 4 hr. in the cold with continuous was added, when required, in a final concentration 
stirring and centrifuged at 800g. The precipitate is of 1-0 per cent. The cultures were shaken at 25° C. 
suspended again in 1 vol. potassium chloride solution, either in darkness or in continuous light provided by 
extracted, centrifuged as before and then discarded. fluorescent tubes giving a light intensity of 900 foot- 
The combined supernatants give: units per ml. 15; candles. Growth was measured by a turbidometric 
protein mgm. per ml. 23:0; specific activity 0-6. method which was checked by hemocytometer 
™ extract is brought to pH ‘4 by careful addition of counts. Growth was exponential over several days 

2M acetic acid. The precipitate is discarded by and the growth constant, k, was calculated from 
centrifugation at 15,000g. The supernatant is k = 24(log,9n, — log,on,)/t, —¢t, where n, and n, 
neutralized with 1 N sodium hydroxide and the new are the number of cells present after ¢, and ¢, hours 
precipitate is centrifuged off and discarded. (Units growth respectively. 
pr ml. 15; protein mgm. per ml. 14; _ specific When cultures containing glucose were shaken in 
activity 1-0.) The clear supernatant is dialysed light, growth was inhibited by heavy water. Not only 
against water for 24 hr. A white precipitate is formed was the rate of exponential growth reduced but also 
which is discarded by centrifugation. (Units per ml. the lag period was increased (Table 1). Attempts to 
15; protein mgm. per ml. 8-0; specific activity 1-9.) increase the growth-rate in 90 per cent heavy water 

The final extract can be concentrated in the cold by adaptation were unsuccessful, unlike those of 
or freeze-dried. The powder, redissolved in a small Moses e¢ al.*. In our experiments the growth-rate in 
amount of water, gives @ positive biuret and ninhydrin 90 per cent heavy water was the same after three 
reaction and an ultra-violet absorption with a  sub-cultures as it was originally. 
ee ea ba On oe a an oe pr acinar Table 1. GROWTH OF bere en ga Ad DO CONCENTRATIONS 
migrating towards the cathode. Further purification 
of the extract can be achieved by adsorption on sheers D,O | Growth constant Approximate lag 

| 








calcium phosphate gel at neutral pH: three com- pertod (hr.) 
ponents are now visible after electrophoresis. Treat- 0 | 20 
ment with trypsin at 37° C. and neutral pH produces 4 | : | in 
complete loss of the activity and disappearance of 90 : | 160 


the bands within 3 hr. 
. 7 ; ; The cultures contained 1-0 per cent glucose and were shaken at 
Cephalotoxin can be extracted from the posterior 25°C. in light of 900 foot-candles intensity, 


salivary glands of Octopus vulgaris and O. macropus 
by a procedure similar to that described for Sepia. In normal medium, Chlorella grows well in light 
F. GHIRETTI without added glucose, and with our culture condi- 

Department of Physiology, tions, light stimulated growth even when glucose was 
Zoological Station, Naples. added. However, when the medium contained 90 per 
‘Krause, R., Sitzungsber. Akad. Wise. (1897). Lo Bianco, 8., Mitth. cent heavy water, light inhibited growth ; the cells 
Zool. Stat. Neapel, 8, 385 (1888). grew fastest on glucose in darkness and illumination 


*B h ioni, 8. * : 
5 ad Tig tote” 58, 384 (1905). Baglioni, 8., Arch. Het depressed the growth-rate. No autotrophic growth 
‘Henze, M., Z. or Chem., 19, 986 (1906); 182, 227 (1929). occurred at all (Table 2). 

Erspamer, V., Acta Pharmacol. et Tozxicol., 4, 213, 224 (1948). 

Erspamer, V., and Asero, B., J. Biol. Chem., 200, 311 (1953). Table 2. EFFECT OF LIGHT ON THE GROWTH OF Chlorella vulgaris IN 
‘Ghiretti, F., Arch. Sci. Biol., 37, 435 (1953). Bacq, Z. M., and 90 PER CENT (v/v) HEAVY WATER (D,0) 

Ghiretti, F., Arch. Intern. Physiol., 59, 288 (1951). 
*Bottazzi, F., Pubbl. Staz. Zool. Napoli, 1, 59 (1916) ; idem, Ric. Fis. Glucose | 

Chim. Biol., 1, 69 (1922); Arch. Intern. he agg 18, 313 (1921). 














+ | 


a 
Erspamer, V., and Ghiretti, F., J. Phy: 115, 470 (1951). | Light + 
Been. 2, A Fisher, P.. and Ghitetil, Fr Arch. Intern. Physiol; | a cao | 054 | 062 | 0-81 
, 60, 165 (1952). | k—in medium with 90 per cent D,O 0°23 0-17 
Henze, M., Z. physiol. Chem., 87, 51 (1913). | 
Dp. 
"Bottazzi, F., Pubdbl. Staz. Zool. Napoli (Ric. Fis. Chim. Biol.), 1, 69 The cultures were shaken at 25°C. The light intensity was 900 foot- 














(1922): Sereni, E., Boll. Soc. Ital. Biol. S 4, 749 (1929 r i 
Kaiser, E., and "Michi, H., “Die Biochemie yong siti (1929),; candles. The concentration of glucose, when this was added, was 
). 


5 (Wien, 1958 a eo of the growth constant, k, is given. Each value is the 
ole See ee pods J. o ee ae oghyors . 1 (1906). mean of two values obtained from two similar cultures, 

* yey! 0. H., peeve, 7 LA Js dB; Farr, A. L., and Randall, R. J., Heavy water also had a marked effect on synthesis 

Ugmithies, 0. ponte J., 61, 62 (1955). of chlorophyll. The illuminated cultures grown with 

glucose in 90 per cent heavy water were a bright 

orange colour. The pigments were extracted with 

ethanol and separated into carotenoids and chloro- 

PLANT PHYSIOLOGY phylls. The absorption of the carotenoids was 

measured at 448 my and that of the chlorophylls at 

Effect of Heavy Water on the Growth of — ¢¢9 mu. These measurements indicated that the 

Chlorella vulgaris carotenoid content (per unit dry weight) of the 

SEVERAL investigators have studied the effect of orange cells was much the same as that of the normal 

& ang 
heavy water on the growth of algae'-*. All workers cells but that the chlorophyll content was only 
find that heavy water inhibits growth and, in con- one-fifth of normal. 
centrations approachi 100 per cent, no growth Heavy water probably inhibits one of the dark 
} app ng pe or avy y. 
oecurs. We have found recently that, while auto- reactions of photosynthesis**. In our experiments, 
trophic growth of Chlorella is inhibited completely in the complete inhibition of autotrophic growth, which 
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is entirely dependent on photosynthesis, compared 
with the partial inhibition of heterotrophic growth, 
indicates that the photosynthetic mechanism is more 
sensitive to heavy water than many other reactions. 
Nevertheless, reactions other than the photosynthetic 
ones are inhibited, and the fact that illumination 
reduces the growth-rate of cultures growing on glucose 
in 90 per cent heavy water suggests that a substance 
produced by the photolysis of heavy water is more 
inhibitory than heavy water itself. 
This investigation was assisted by a grant from the 
Atomic Energy Authority. 
JANET R. WALKER* 
P. J. SYRETT 
Botany Department, 
University College, 


London, W.C.1. Feb. 5. 

* Present address: Department of Microbiology, University of 
Reading. 
elses). and Bonhoeffer, K. F., Z. physikal. Chem., 174A, 424 


8 hae 7) D., and Porter, J. W., Arch. Biochem. Biophys. , 50, 160 

* Moses, V., Holm-Hansen, O., and Calvin, M., Biochim. Biophys. 
Acta, 28, 62 (1958). 

‘Syrett, P. J., Ann. Bot., N.S., 17, 1 (1953). 

* Craig, F. N., and Trelease, S. F., Amer. J. Bot., 24, 232 (1937). 

* Horwitz, I., Plant Physiol., 29, 215 (1954). 


Effect of Phosphorylated 
Methyl-naphthohydroquinones on the 
Response to Radiation in Barley Roots 


It has been shown by Mitchell and Simon-Reuss!-* 
that some phosphorylated methyl-naphthohydro- 
quinones are radiosensitizers of radiation-induced 
mitotic inhibition in chick fibroblast tissue. It 
seemed possible that these chemicals might be of 
value in the induction of mutations in plants as they 
afforded a means of modifying response to radiation. 
Accordingly, experiments were carried out to see if 
any of these compounds are radiosensitizers in plant 
tissues. 

Tetra-sodium 2-methyl-1 : 4 naphthohydroquinone 
diphosphate (compound 1) and tetra-sodium 2 : 3 
dimethyl-1 : 4 naphthohydroquinone diphosphate 
(compound 28), both known to be radiosensitizers 
in animal tissues, were used in these experiments. 
X-rays were provided by a 220 kVp. ‘Maximar’ unit 
working at 15 m.amp., giving radiation of wave- 
length 0:22 A. A 1l-mm. aluminium filter was used. 
The nominal dose-rate was 156 r./min. at a distance 
of 20 cm. 

Seeds of barley (var. Earl) were germinated on 
filter paper moistened with distilled water, in Petri 
dishes in light at a temperature of 20 4+ 2° C. 
Germination was apparent after 24 hr. and seeds 
were selected for uniformity at this stage. They were 
transferred to Petri dishes with filter paper moistened 
with 2 ml. of the chemical, and 18 hr. later irradiated 
as described above. 

With doses less than 300 r., mitosis is at a minimum 
3 hr. after irradiation, and root tips were fixed in 
glacial acetic acid at this time for studying mitotic 
inhibition. This was done by hydrolysing root tips 
in N hydrochloric acid at 60° C. for 12 min. and 
staining with Feulgen’s reagent. Root tips were 
squashed and counts made of the number of cells 
in the different stages of mitosis. The seedlings were 
grown in the Petri dishes for up to five days after 
irradiation, and each day 50 seedlings were analysed 
for weight and length of root and shoot. 
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Fig. 2. Inhibition of increase 
of root fresh-weight 5 days 
after irradiation 

Mitchell and Simon-Reuss! pointed out that to test 
for potentiation rigorously it is necessary to compare 
the effect of half-amounts of the two agents with the 
mean effect of the agents acting independently, and 
that there must also be a linear or sigmoid relation 
up to 50 per cent effect between response and dose 
for the separate agents. The effect measured with 
each of the agents acting alone should not be greater 
than 50 per cent. Figs. 1 and 2 show that there is a 
linear response to X-rays and compound 1 with 
mitotic inhibition 3 hr. after irradiation and with 
inhibition of weight of root five days after irradiation. 
Throughout these experiments the increases in 
weight and length of roots and shoots showed parallel 
responses to the treatments, so that only results for 
weights of roots are quoted. 

Table 1 shows that compound 1 and X-rays have 
an additive effect on root growth five days after 
irradiation. Since growth is the product of many 
factors, it is not surprising that no potentiation can 
be demonstrated when measuring such a complex 
function. Five days after irradiation was chosen as 
the time to look for potentiation, as it is the earliest 
time at which the individual dose responses are 
linear. In fact, on the day after irradiation there is 
a stimulation of growth over the controls in all 
treatments, this effect gradually vanishing until on 
the fifth day the linear inhibition appears. Irrespec- 
tive of the time after irradiation that root measure- 
ments were taken, no potentiation was observed. 
Compound 28 was not used for the experiments on 
growth measurements because of these difficulties of 
interpreting the results. 

The examination of mitotic inhibition revealed 
the effects of the two chemicals and X-rays a short 
time after treatment, when responses should still be 
apparent and not masked as in the study of the 
increase of root weight and length several days after 
treatment. No measurements were made of chromo- 
some abnormalities, but Bora‘ showed in broad bean 
roots that although these two chemicals do not cause 
chromosome breaks they increase the frequency of 
breaks induced by X-rays. 

It is clear from Table 1 that compounds 1 and 28 
have a radiosensitizing action on the mitotic inhib- 
ition induced by X-rays in barley roots. Both 
chemicals are themselves mitotic inhibitors, compound 
28 being the more powerful. Gompound 28 causes 


Fig. 1. Mitotic inhibition 3 hr. 
after irradiation 
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Table 1 
| aS 
Inhib- 
Mitotic ition of 
inhib- | Poten- fresh | Poten- 
Treatment ition | tiation | Treatment | weight | tiation 
(per factor ofroot | factor 
cent) (per 
cent) 
100 r. X- 
radiation 49°6 400 r. 49-1 
10°? MCom-| 26-7 10-? MCom- | 40:5 
pound 1 pound 1 
5x10 M 59°9 1 é oi x10-* FF 46-1 is iz 
mpound 1 ’ ompoun ‘ 
—_ 1, followed 
after 18 hr. 
by 200 r. 
10*?MCom-| 38°8 
pound 28 
5x10-* M 71-2 1-61+ 
Compound 0-18* 
98, followed 
after 18 hr. 
by 50 r. X- 
radiation 




















* Significantly greater than 1 at 0-1 per cent level of probability. 
These figures are the means of five separate experiments. 
metaphase accumulation, a finding which agrees with 
that of Mitchell and Simon-Reuss*. 

It appears from the above results that these two 
phosphorylated methyl-naphthohydroquinones act as 
radiosensitizers for mitotic inhibition in barley roots, 
and that this action is similar to that reported for 
chick fibroblasts in tissue culture and other animal 
tissues. Because they afford a means of modifying 
radiation response, they will be used to study the 
effect on X-ray induction of mutations in plants. 

This work was carried out under a Nuffield 
Foundation grant and in collaboration with Prof. 
J. 8. Mitchell, of the Department of Radiothera- 
peutics, University of Cambridge. 
A. D. McKEtvie 

Plant Breeding Institute, 

Trumpington, Cambridge. 

‘Mitchell, J. S., and Simon-Reuss, I., Brit. J. Cancer, 6, 305 (1952). 
*Mitchell, J. S., and Simon-Reuss, I., Brit. J. Cancer, 6, 317 (1952), 
‘Mitchell, J. S., Simon-Reuss, I., and King, E. A., paper read at the 

— International Cancer Conference, London, 1958 (in the 
‘Bora, K. C., Acta Radiologica, 47, 397 (1957). 


Synthesis of Long-Chain Fatty Acids from 
2-4C-Acetate and '*C-Glucose in Trichoderma 
viride 

AttHoucH the synthesis of saturated fatty acids 
by the formal condensation of acetate units is well 
established, less attention has been paid to the 
formation of the common unsaturated acids (oleic, 
linoleic and linolenic) and their relationship to the 
saturated acids. The similarity in structure of oleic, 
linoleic and linolenic acids suggests a linked synthesis, 
and two processes have been considered: first a 
desaturation process leading from oleic via linoleic to 
linolenic acid, and secondly a hydrogenation process 
operating in the opposite direction. Trichoderma 
viride, a fungus which readily synthesizes palmitic, 
stearic, oleic, linoleic and linolenic acids, was chosen 
for studics with substrates labelled with carbon-14 
man attempt to obtain further information on the 
synthesis of unsaturated acids. 

Mycelium was grown at 25° C. in a shaken 2 per 
tent glucose/acetate medium (pH 6-8), containing 
per litre: ammonium nitrate, 5-0 gm.; dihydrogen 
potassium phosphate, 3-5 gm.; crystalline magne- 
sium sulphate, 2-5 gm.; ferric chloride, 0-08 gm. ; 
me sulphate, 0-025 gm.; p(-+)-glucose, 20-0 gm. 
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and 5 ml. acetic acid neutralized with sodium 
hydroxide. After either two or four days growth the 
fungus was transferred to a single flask and equili- 
brated (4 hr.) with non-radioactive medium of 
similar salt composition containing, for the acetate 
experiments, 10 gm. D(+)-glucose and 0-25 gm. 
sodium acetate per litre, and for the glucose experi- 
ment 5 gm. p(-+)-glucose and 0-125 gm. sodium 
acetate. At the end of this time 2-“C-acetate or 
generally labelled 1“C-glucose was added, and after 
@ suitable time the mycelium was removed by 
filtration and killed in boiling ethanol. Lipids were 
extracted in the usual way and the fatty acids 
obtained were separated by reversed-phase column 
chromatography?, plated out and counted. Oleic 
and palmitic acids are not separable by this method, 
and the figure for palmitic acid was obtained from a 
second separation following removal of oleic acid after 
its conversion into short-chain acids by oxidation 
with alkaline permanganate. The figure for oleic 
acid was calculated by difference from that for the 
mixed oleic and palmitic acids. 

The results in Table 1 show that radioactivity is 
incorporated into all the long-chain fatty acids 
within 3 hr. Closely similar results were obtained 
with 1- or 5-hr. periods. In every case the two 
saturated acids present (palmitic and stearic) and 
one of the unsaturated acids (oleic) had relatively 
high specific activities, whereas the other unsaturated 
acids (linoleic and linolenic) had much lower specific 
activities. This result obtained both in 2-day-old 
mycelium, which is rapidly synthesizing fatty acids, 
and in 4-day-old mycelium, in which fat synthesis is 
slow. Analysis of the free fatty acids (2:2 per cent 
of the total fatty acids), phosphatide fatty acids 
(41-4 per cent) and glyceride fatty acids (56-3 per 
cent) also showed the same distribution of radio- 
activity. 

Table 1. INCORPORATION OF RADIOACTIVITY INTO LONG-OHAIN Fatty 


AcIDS AFTER $ HR. GROWTH ON 2-™“C-ACETATE OR GENERALLY 
LABELLED “C-GLUCOSE 




















Age of mycelium and radioactive substrate 
2-day glucose 2-day acetate 4-day acetate 
Fatty acid 
e.p.m./ gm./ e.p.m./ gm./ j¢p.m./ gm./ 
mgm. 100gm. | mgm. 100gm./| mgm. 100 gm. 
fatty acid! fatty acid fatty acid 
Palmitic 508 20-9 9,628 20-9 1,129 21:3 
Stearic 367 5-4 2,570 5-4 940 5-6 
Oleic 829 29-0 7,509 29-0 701 24-0 
Linoleic 53 42-3 1,522 42°3 149 44-0 
Linolenic 65 2-2 434 2-2 48 5-0 
Total 
¢.p.m. 
supplied 54°3 x 10° 17-4 x 10° 14:5 x 10° 














These results indicate clearly that oleic acid is the 
first of the unsaturated acids to be formed and give 
little support to the hydrogenation hypothesis in 
which it is assumed that the most unsaturated acid 
is formed first. In view of the fact that similar results 
were obtained using either radioactive glucose or 
radioactive acetate as a carbon source it also seems 
unlikely that triose units are involved, as has been 
suggested, in the synthesis of unsaturated acids. A 
more probable explanation of the results would be 
that glucose is broken down into C, units before its 
incorporation into fatty acids. 

In a further experiment 2-day-old mycelium, after 
being fed for 3 hr. with 2-'C-acetate (see Table 1), 
was transferred, after careful washing, to a similar 
but non-radioactive medium for a further 2 days. 
During this time mycelium dry weight and lipid 
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weight approximately doubled. At 4 days the 
material was harvested, and the following specific 
activities (c.p.m./mgm.) were obtained: palmitic 
acid, 9,612; stearic acid, 2,924; oleic acid, 6,406; 
linoleic acid, 5,939; and linolenic acid, 2,309. None 
of the fatty acids showed any significant decrease in 
specific activity, and this is accounted for by the fact 
that there was a rise in the total count in the fatty 
acids from 44-9 x 104 c.p.m. at 2 days to 72-2 x 104 
at 4 days. This could be the result of insufficient 
washing at the 2-day stage or it may be caused by 
the formation of a ‘pool’ of radioactive precursor 
within the tissue*. It is interesting, however, that 
whereas the specific activities of palmitic, stearic and 
oleic acids show only a small change, those of linoleic 
and linolenic acids have increased severalfold. This 
again indicates that these acids are formed later than 
oleic acid, and is consistent with synthesis by suc- 
cessive dehydrogenation of oleic acid, although other 
explanations cannot be dismissed on the present 
evidence. These results will be reported and dis- 
cussed in detail elsewhere. 

We are most grateful to Dr. D. W. Turner (Depart- 
ment of Chemistry, Imperial College, S.W.7) for 
access tO & proportional counter and for guidance 
in its use. 

W. Mary CRoMBIE 
P. E. BALLance 
Botany Department, 
University of Southampton. 
Feb. 14. 
Crombie, W. M. L., Comber, R., and Boatman, 8. G., 
59, 309 (1955). 


* Simmons, R. O., and Quackenbush, F. W., 
Soc,, $1, 441 (1954), 


Biochem. J., 
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Effects of Gibberellic Acid on Winter 
Pasture Production 


Tue problem of restricted winter growth of pastures 
is of agronomic importance in many countries. 
This is especially true over large areas of Australia 
where fodder conservation, as one solution, is not 
economic. The possibility, inherent in the work of 
Morgan and Mees!.*, Leben and Barton’, Wittwer et 
al.*> and Corns’, that gibberellic acid might increase 
winter growth of continuously grazed pastures, does 
not appear to have been exploited beyond an initial 
experiment of Scurfield and Bull’. Results of that 
experiment were sufficiently encouraging to warrant 
our pursuing the matter further. 

Experiments were carried out during the winter of 
1958 on grazed pasture of Phalaris tuberosa and 
Trifolium subterraneum, sown twelve years previously. 


NATURE 





April 25, 1959 


VOL. 183 


Four sites were chosen at random and, within each 
of these, four sub-sites. On each sub-site, sixteen 
plots (each of four sq. lk.) were located at random 
(subject only to the restriction that each had complete 
foliage cover). In each group of sixteen plots, four 
at random received nitrogen (as ammonium sulphate 
= 224 Ib./acre), four an aqueous solution of gibberellic 
acid (=3-69 oz./acre), four gibberellic acid plus 
nitrogen, and four were untreated (controls). Prior 
to treatment, all plots were clipped to ground-level, 
After treatment, they were clipped to this level on 
four occasions : the harvest data (Ib. dry matter per 
acre) are given in Table 1. 

Compared with controls, plots treated with gib- 
berellic acid produced a greater yield of both grass 
and clover at harvests I and II, an equivalent yield 
of grass and a lesser yield of clover at harvest It, 
and a lesser yield of both at harvest IV. Over the 
four harvests so far taken, there was a significant 
increase in total yield of dry matter. This result 
confirmed that obtained previously’, but not that of 
Morgan and Mees'*, They found, after applying 
gibberellic acid (=2 oz./acre) to pastures at various 
times from spring to autumn “in no case any net 
increase of yield over two or more cuts”. More 
interesting, however, than an overall increase in yield 
was the stimulation of growth at a time of normally 
slow growth. Continuous meteorological records kept 
for the site showed that this alteration could be 
achieved under conditions of adequate rainfall and 
minimum temperatures as low as —9-5° C. (grass) 
and —4-5° C. (screen) (compare the records of Leben 
and Barton® and Wittwer and Bukovac’). 

Changes in the botanical composition of the 
harvested material were of interest. Treatment with 
gibberellic acid caused a significant (P < 0-05) 
depression of percentage clover in the material 
harvested on the second and third occasions. How 
far this was a direct effect of gibberellic acid and how 
far it reflected an altered competitive status of the 
species present was uncertain. The result failed to 
confirm that of Morgan and Mees?, who found treat- 
ment with gibberellic acid to cause no change in the 
botanical composition of swards over a period 
between treatment and a third cut. 

There were significant (P < 0-001) reductions in 
percentage total nitrogen of P. tuberosa (from 4:25 
to 3-66 at harvest I, 5-37 to 4-13 at harvest IT and 
4-57 to 4-20 at harvest ITI) as a result of gibberellic 
acid treatment. This confirmed earlier results!-*’ 
(not, however, those of Wittwer et al.°) obtained with 
other grasses. Despite such reductions, the total 
yield of nitrogen (Table 1) over all four cuts was 


significantly greater from plots treated with gib- 





























Table 1, EFFECTS OF GIBBERELLIC ACID AND NITROGEN ON DRY MATTER PRODUCTION (LB./ACRE), PERCENTAGE CLOVER IN TOTAL DRY MATTER 
AND YIELD OF NITROGEN (LB./ACRE) FROM Phalaris tuberosa—Trifolium subterraneum PASTURE 
ean of 64 plots at each harvest. 
| oS et eee } ee 
| Harvest I Harvest II | Harvest III | Harvest IV Total 
| (July 24, 1958) | (Aug. 14, —— | (Sept. 11, 1958) (Oct. 16, 1958) (4 harvests) 
Treatment |—- 
(applied | ove r| Clover | | | Clover | | Clover Bee 

July 10,1958) | Grass | Clover (per Grass le lov -|4 =, Grass | Clover| (per | Grass | Clover} (per Dry | Yield of 
| | | cent) | | | { cent) | | cent) | matter | nitrogen 
} | | | | eee 
| Control | se | 9 | 10-2 1176 | 51 | 22-5 | 308 | 136 | 30-6 | soo | 834 | 48-4 | 2,486 | 92 
| + Gibberellic | } } } } } } 

acid | 416° | 68° | 14-1 | 499° | 102t | 17-0f | 317 1043 | 24-7¢ | 665° | 588° | 44-7 | 2,700T | 98° 

4+ Nitrogen 6st | 7t | 9-8t | 226 | 42 | 15-5; | 412* | 101° | 196% | 1,042* | 617¢ | 87-2¢ | 2,515 | — 
; + Gibberellic | | | 
j ac. } | | | | 
| nitrogen | 358° | 35* | 9-0 | 568° | 63 | 100° | | 347t | 69° | 166% | 744" | 417* | 36-0t | 2,601 Ges | 
| u t t 








Degree of significance shown by : 


*P < 0-001, TP < 0:01, P< 0-05. 
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berellic acid than from control plots. Analyses have 
far failed to demonstrate any similar effect of 
gibberellic acid on the nitrogen content of the 
clover. ; ' 

The leaf ‘burning’ caused by the added ammonium 
sulphate makes the interpretation of the yield results 
from such plots somewhat uncertain, but evidently 
the quantitative effects of added nitrogen upon yield 
did not resemble those of gibberellic acid. Regarding 
the effects of nitrogen and gibberellic acid added 
together, no evidence of interaction between the two 
in relation to total yield was obtained. It was noted 
that both Phalaris tuberosa and Trifolium subter- 
raneum, irrespective of simultaneous nitrogen applic- 
ation, showed chlorosis and other symptoms of 
gibberellic acid treatment*.*, though by harvest IV 
chlorotic symptoms at least had disappeared. 

An initial grazing experiment using Merino wethers 
on a similar pasture to the above has so far: 
(a) confirmed that treatment with gibberellic acid 
=1-6 oz./acre) could increase late-winter pasture 
orowth and (b) provided no evidence of a deleterious 
effect of herbage so treated on either the health or 
live weight of sheep after two months grazing. 
This latter fact supports the finding of Peck et al.'° 
that gibberellic acid, administered in various ways 
directly to small animals, was non-toxic. 

The results of the above experiments will be 
considered more fully elsewhere. 

We are grateful to Mr. G. A. McIntyre for the 
statistical analysis of the data in Table 1. 


G. ScuRFIELD 
E. F. BIppIsCcOMBE 


Division of Plant Industry, 


Commonwealth Scientific and 
Industrial Research Organization, 
Canberra. 


‘Morgan, D. G., and Mees, G. C., Nature, 178, 1356 (1956). 
*Morgan, D. G., and Mees, G. C., J. Agric. Sci., 50, 49 (1958). 
Leben, (., and Barton, L. V., Science, 125, 494 (1957). 
‘Wittwer, S. H., and Bukovac, M. J., Mich. State Univ. Exp. Sta. 
Quart. Bull., 39, 682 (1957). 
Wittwer, S. H., Bukovac, M. J., and Grigsby, B. H., Mich. State 
Univ. Agric. Exp. Sta. Quart. Bull., 40, 203 (1957). 
‘Corns, W. G., Can. J. Plant Sci., 38, 314 (1958). 
"Scurfield, G., and Bull, J. A., J. Austral. Inst. Agric. Sci., 24, 257 
(1958). 
*Stowe, B. B., 
181 (1957), 
"Scurfield, G., Austral. J. Sci., 21, 48 (1958). 
* Peck, H. M., McKinney, S. E., Tytell, A.,and Byham, B. B., Science, 
126, 1064 (1957). 


and Yamaki, T., “Ann. Rev. Plant Physiol.’’, 8, 


_Geotropic and Morphological Alterations 
in Rice Seedlings caused by Plant Growth 
Regulators 

DuRING some investigations into the effects of 
gamma-BHC on rice seeds a number of experiments 
were carried out to test whether BHC was behaving 
in & similar way to plant growth substances in 
producing abnormalities. These experiments were 
caried out because it was found that gamma-BHC 
inhibited root growth at low concentrations (for 
example, in aqueous solutions at 10-> M, root growth 
was reduced to half that of the controls) and because 
ofa recent suggestion by MacLagan! that some of 
the chlorinated hydrocarbons, including BHC, might 
ehave in a similar way to auxins in plant tissue. It 
has now been found (unpublished work) that BHC 
does not behave as an auxin so far as rice seedlings 
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Fig. 1. 
oxyacetic acid (left) compared with control (right). C, coleoptilie. 
The apparatus consists of a 100-ml. conical flask containing 
100 ml. of the test solution; the seed is held at the surface of 


Rice seedlings 7 days old growing in 10-* M 2-naphth- 


the solution in a 10-mm. bore glass tube (7) the end of which is 
covered by cotton gauze (@); a cotton-wool plug holds the 
tube in position 


are concerned. Nevertheless, during these experiments 
some results were obtained which may shed some 
light on current theories of geotropism and also on 
the effects that auxins have on morphogenesis. 
Rice seedlings were germinated and grown for 
seven days in the apparatus shown in Fig. 1. The 
seeds were held at the surface of aqueous solutions of 
substances which have auxin activity and ‘anti- 


auxins’; distilled water was used as control. Ten 
replicates were used for each treatment. Linear 


growth measurements and photographic records were 
made at the end of the experimental period. The 
substances with auxin activity were (-indolylacetic 
acid, naphthalene-l-acetic acid, methylisobutyl- 
carbonyl ester of 2,4,5-trichlorophenoxyacetic acid 
(2,4,5-T MIBC ester) (a crude preparation containing 
71 per cent w/w) and 2-naphthoxyacetic acid. The 
substances used which are usually classed as anti- 
auxins were l-nephthoxyacetic acid, 2,3,5-tri-iodo- 
benzoic acid end «-(1-naphthylmethylsulphide)-pro- 
pionic acid. 

All the substances with auxin activity showed very 
similar effects on the seedlings though the concen- 
trations necessary for the various effects differed. 
The three most obvious effects were inhibition of root 
growth, the production of an epicotyl (not present in 
the controls) and the reversal of shoot geotropism. 
The lowest concentrations required to produce an 
epicotyl and reverse shoot geotropism were as 
follows: 10-* M indolylacetic acid, 10-* M 2-naphth- 
oxyacetic acid, 10-5 M naphthalene-l-acetic acid 
and 10°* M 2,4,5-T MIBC ester. At these concen- 
trations at least 60 per cent of the coleoptiles showed 
complete reversal of geotropism on all three occasions 
when these substances were tested. The epicotyls 
produced at these concentrations were 2—4 mm. long. 
In a large number of germination tests carried out in 


this laboratory on moistened filter paper or sand 
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Fig. 2. Photograph of 7-day old rice seedlings showing the 
reversal of root geotropism caused by 10-* M 1-naphthoxyacetic 


acid. Note that secondary roots have the normal positive 
geotropic response 

trays both in the light and in the dark there has never 
been any evidence of the production of an epicotyl. 
However, additional experiments have now been 
carried out in which rice seeds were placed in beakers 
and submerged beneath various depths of water from 
3 to 10 cm.; under these germination conditions in 
the dark, epicotyls 4-6 mm. long were produced, but 
under the same conditions in diffuse daylight no 
epicotyls were found. Continuous aeration of the 
water in the case of submerged-germination tests in 
the dark decreased the size of the epicotyls to 2- 
4mm. It would seem, therefore, that an epicotyl is 
normally produced under dark, poorly aerated con- 
ditions, but that high concentrations of substances 
with auxin activity are capable of inducing its 
formation even under light, well-aerated conditions. 
Microscopic examination of transverse sections 
showed that there were no distinguishable anatomical 
differences between -epicotyls produced by the dark, 
poorly aerated conditions or by application of sub- 
stances with auxin activity. This similarity would be 
expected if epicotyl formation is due to a rise in auxin 
concentration, Yamada* has shown that rice coleop- 
tiles grow to a greater length under water than in the 
air, and has presented evidence which suggests that 
this is due to the reduced capacity of the tissues to 
destroy auxin when submerged ; submersion, he 
found, was equivalent to a 20-30-fold increase in 
indolylacetie acid. The absence of an epicotyl in the 
light, even in submerged seedlings, would fit in with 
the demonstrated presence in plant tissues of the 
light-stimulated indolylacetic acid oxidizing system, 
originally shown by Galston* in etiolated pea epicotyls. 

One of the most general effects of the substances 
with reputed anti-auxin activity was inhibition of 
root growth at and above the following concentra- 
tions: 10-* M I1-naphthoxyacetic acid, 10-*§ M 
2,3,5-tri-iodobenzoic acid, and 10-* M «-(1-naphthyl- 
methylsulphide)-propionic acid. In this way they 
showed a similarity with the auxins, but unlike the 
experiments with auxins, there was never any 


evidence of an epicotyl being induced to form. 
Neither «-(1-naphthylmethylsulphide)-propionic acid 
1-naphthoxyacetic 


nor acid reversed coleoptile 
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geotropism, though 2,3,5-tri-iodobenzoic acid did 
cause a positive response in approximately 20 pe 
cent of the seedlings at 10-* and 10-7 M. The 
most interesting result was obtained with 10- y 
1-naphthoxyacetic acid: when seeds were grown at 
the surface of a solution of this strength, 60 per cent 
or more of the seedlings showed a reversal of root 
geotropism, and the roots grew upwards into the air 
away from the solution (Fig. 2). In the cases where 
root geotropism was reversed, the roots were strongly 
inhibited and showed only 20-30 per cent growth 
compared with the controls. This reversal of root 
geotropism was obtained on all three occasions when 
this concentration of 1-naphthoxyacetic acid was 
tried. 

These results are considered to support the classical 
theory of geotropism in which it is postulated that 
the shoot contains sub-optimal concentrations of 
auxin, whereas the roots contain optimal or supra- 
optimal concentrations. It follows that if the effective 
concentration of auxin in the shoot is raised to a 
supra-optimal level it should behave geotropically as 
a root; conversely, if the effective concentration of 
natural auxin in the root is reduced—for example, 
by an anti-auxin—to a sub-optimal level, then the 
root should behave as a shoot, It is interesting to 
note that out of the five ‘anti-auxins’ which Street! 
tested, 1-naphthoxyacetic acid was the most effective 
in counteracting the effect of a natural auxin which 
accumulates in excised tomato roots and causes 
‘ageing’. It may be significant, therefore, that 1- 
naphthoxyacetic acid was the only substance used 
in the present investigations which reversed the 





geotropism in rice roots. 

These results will be discussed more fully in a later 
publication. 

Grateful acknowledgment is made to Mr. S. J. 
Wakka for technical assistance and to the Director 
of Agriculture, Sierra Leone, for allowing publication 


of this work. 
EK. H. ROBERTS 
West African Rice Research Station, 
Rokupr, Sierra Leone. 
Jan. 7. 
? MacLagan, D. S., Nature, 179, 1197 (1957). 


* Yamada, N., Plant Physiol., 29, 92 (1954). 
* Galston, A. W., Science, 111, 619 (1950). 
‘Street, H. E., Physiol. Plant,, 8, 48 (1955). 


Prolonging Dormancy in Vitis vinifera with 
Gibberellin 


Ar Davis, California, grape buds developing on the 
basal portions of shoots normally enter a dormant 
stage about September. By the following April the 
buds usually begin rapid growth. Both a small 
amount of cold and a certain interval of time are 
required for dormancy to break. If the dormant 
buds could be made to grow in the autumn, the crop 
of the following year could be estimated. Since 
gibberellin has been reported to break the dormancy 
of buds in peach' and potato**, and of epicotyls m 
the tree peony‘, it was tested for this purpose on 
grapes. } 

The potassium salt of gibberellic acid, supplied by 
Merck and Co., contained about 80 per cent active 













ingredient. 

In one experiment, Zinfandel vines were sprayed 
with gibberellin at 0, 10, 50 or 250 p.p.m. on Septem 
ber 6, 1957, two vines per treatment. At this time 
the foliage was still green and the percentage of total 
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Table 1. GROWTH OF SHOOTS ON APRIL 19, 1958, ON ZINFANDEL VINES 
SPRAYED THE PREVIOUS AUTUMN WITH GIBBERELLIN 
= | 
} Concentration }) Average length | No. of shoots No. of water 
of gibberellin per shoot per vine on sprouts* 
(p.p.m.) (in.) spurs per vine 
0 3-0 18 56 
10 7 14 34 | 
50 1‘7 3 | 8 | 
250 1-6 1 2 





—_—_— 


‘ Water prea refer to shoots arising from wood more than one 
year old 


soluble solids of fruit was about 20. After the leaves 
had fallen, in November, buds in all treatments were 
stil] dormant. In January 1958 vines were pruned 
to 9-11 spurs, each bearing 2-3 buds®. On April 19, 
control shoots were about 3 in. long (Table 1). The 
number of shoots decreased with increasing concen- 
tration of gibberellin, indicating that dormancy had 
been prolonged by gibberellin, Results were com- 
parable in an experiment with the Tokay variety. 

In a second type of experiment, cuttings of Tokay 
canes about 16 in. long were taken from the vine- 
yard on December 4, 1957, and placed in a green- 
house with their bases in solutions containing 0, 0-01, 
0-1, 1, 10 or 100 p.p.m. of gibberellin. The solutions, 
about 3 in. deep, were changed each week. There 
were thirty cuttings per treatment. At later intervals 
the cuttings were examined to see whether buds had 
begun growth. A cutting was said to have initiated 
growth when green was visible on one or more buds 
of a cutting. The results (Table 2) show that the 
higher the concentration of gibberellin, the longer 
the development was delayed. With one exception, 
no buds began growth by February 20 on cuttings 
placed in gibberellin in the range 1-100 p.p.m. This 
experiment was repeated with other sets of cuttings 
after they had been stored at a temperature of about 
32°F. for two, four or six weeks. The trends were 
similar. 


Table 2, NUMBER OF TOKAY CUTTINGS OUT OF THIRTY THAT SHOWED 


Bup Growta ON VARIOUS DATES AFTER BRING PLACED IN SOLUTIONS 
OF GIBBERELLIN ON DECEMBER 4, 1957 





Concentration 
of gibberellin 
(p.p.m.) 





Feb. 6, 1958 | Feb. 20, 1958 


| Date of readings 


[ 2m am 2080 | 
| | 
‘J Pd 


"ie: 
0-01 ) 
0-1 { 
l 
10 
100 
It is of interest that gibberellin prolongs dormancy 
of buds of Vitis vinifera despite the fact that growth 
of shoots is greatly stimulated*. Gibberellin may be 
of use for retarding bud break in the spring in regions 
of early frosts. 
This work was supported financially by a grant 
fom Merck and Co., Rahway, New Jersey. 
: RoBERT J. WEAVER 
Department of Viticulture and Enology, 
University of California, 
Davis, California. 
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Acquired Immunological Tolerance 


of Heterografts 


ACQUIRED immunological tolerance of heterologous 
cells is of much lower degree than tolerance of homo- 
logous cells’. In experimental embryonal parabiosis?, 
a large quantity of powerful antigenic stimulus is ad- 
ministered ; this acts for a relatively long time 
during the ‘adaptive period’ and usually results i in the 
formation of cell chimeras. A relatively high degree 
of heterologous tolerance was sometimes obtained by 
this method, for a prolonged survival of heterografts 
has been found in turkey—chicken parabionts!, and 
an interspecific blood chimera demonstrated?. 

The degree of tolerance to heterografts has now 
been studied in further turkey—chicken parabionts. 
In one turkey parabiont, a chicken skin graft survived 
for three months and grew feathers. No chicken 
erythrocytes were demonstrated during this period 
in the turkey’s blood. It is possible that no erythro- 
cyte chimera was formed in this parabiont, or that, 
if it was formed, it disappeared from causes other 
than the immune reaction. 

Skin heterografts from two chickens were applied 
to one turkey parabiont with persistent erythrocyte 
chimerism at the age of one year. Neither of the 
donors was the partner in the embryonal parabiosis. 
The grafts survived for 80 days, when the recipient 
died. A skin homograft from a turkey had been 
applied at the same time. This also survived for the 
whole 80 days. In control turkeys, skin homografts 
survive for only 10-14 days. Gamma-globulins 
were demonstrated by paper electrophoresis in the 
serum of this parabiont ; it was therefore not a case 
of agammaglobulinemia. Moreover, a guinea-fowl 
heterograft was destroyed by the turkey in the 
normal time. Immunological reactivity against 
heterografts from other species was thus maintained. 

This example of a high degree of heterologous 
tolerance shows that in tolerance between turkeys 
and chickens, the immune reaction against individual 
antigenic differences within the donor species is lost, 
as well as its response to the individual antigens of 
the recipient’s own species. 

We then studied the occurrence of interspecific 
blood chimerism in’ turkey—chicken parabionts. 
Agelutination by specific antiserum revealed the 
presence of turkey erythrocytes five weeks after 
hatching in six chicken parabionts out of eight, and 
in four seven weeks after hatching. In one chicken, 
turkey erythrocytes were present up to the tenth 
week after hatching. Taking into account the length 
of the life of avian erythrocytes‘, most of these cases 
cannot represent a mere survival of the partner's 
erythrocytes exchanged during embryonal parabiosis, 
but must involve a repopulation by the partner’s 
transplanted hematopoietic cells. They are therefore 
interspecific erythrocyte chimeras. 

In one turkey, chicken erythrocytes were demon- 
strated up to the time of the bird’s death at the age 
of 14 months, and actually comprised the majority of 
its erythrocytes. Chicken erythrocytes were also dem- 
onstrated in a specimen of blood taken after death. 

The question arises whether this may not have been 
a case of pseudochimerism, as observed in avian bird 
embryos after transplantation of adult spleen cells*. 
Transplantation of prospectively immunologically 
active cells from the chicken parabiont to the turkey 
partner might have occurred during embryonal 
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Table 1 
| i Erythrocytes of chicken No. : | Titre of 
| Plasma taken : Chicken ’ ) anti-turkey | 
plasma No.:| 728 734 =| 882 | 883 | 885 886 |S 2911 hemagglutinins | 
| Before immunization | 2120 —|- el. ae a oe —/- —/- 8 
; | 2300 —{— of oi or. face i eee op lope op fo eri bess 4 
After immunization 2120* +/++ +/+++ +f/++ +/+ tHitt+t+ | 4/+4+ ti++ 128 
| 2300 rox zy a ee x? ic jugs teas <1 * Htis bw 


| | 


= 


} } 





Chick No. 2120 immunized with blood of chimeric turkey parabiont (age one year). 


Chick No. 2300 immunized with blood of contro! 


turkey. Citrated plasma used for agglutination reactions undiluted, if not stated otherwise. Isoagglutination read after 30 min./24 hr. ; titre 


of anti-turkey hemagglutinins determined after 30 min. 
* Plasma diluted 1:10. 


parabiosis. These cells could probably acquire 
tolerance to the host’s antigens. Later in life, 
however, they might lose this tolerance and form 
antibodies against turkey agglutinogens, which would 
then combine with the host’s erythrocytes. Agglu- 
tination of these sensitized turkey erythrocytes by 
antiserum against chicken blood would thus simulate 
the presence of chicken erythrocytes—a case of 
pseudochimerism. In order to exclude. this pos- 
sibility, chicken agglutinogens were demonstrated in 
the blood of this chimera by means of immunization. 
Chickens do not possess natural agglutinins and 
do not form them even when immunized with turkey 
blood. Immunization of chickens with the blood of 
the chimera, however, resulted in the formation of 
isoagglutinins which also agglutinated the erythro- 
eytes of other chickens in a relatively high titre 
(Table 1). Individual chicken antigens must have 
been present in the blood of the chimera to induce 
the formation of these antibodies. The demon- 
stration of chicken antigens thus showed that this was 
actually a case of prolonged interspecific chimerism. 
Table 2 


Titre of serum 


Absorbed 


| | With erythrocytes 
| released after agglu- 


Serum With normal | tination with chicken | 
Non- erythrocytes | isoimmune serum | 
absorbed of turkey | 
of turkey of chicken | No. 10/11 of chicken 
No, 41 No. 735 (chimera) No. 725 
| Against 
| turkey 
| erythro- 
| cytes 16 <4 16 
| Against | 
| chicken 
| erythro- 
cytes 16 <4 Page 


Plasma diluted 1 : 2 and absorbed with equal volume of 33 per cent 
erythrocyte suspension (final dilution 1: 4). 

Another question investigated was whether erythro- 
cytes with both chicken and turkey antigens occurred 
in the turkey chimera, in addition to chicken and 
turkey erythrocytes. Erythrocytes of the chimera 
were exposed to antisera against chicken erythro- 
cytes. Clumped erythrocytes were separated from 
free cells by differential centrifugation, thus separating 
erythrocytes with chicken agglutinogens from those 
without them. The clumps were then broken up 
mechanically. Although the cells were free in 
physiological saline, they agglutinated in any serum, 
including their own. It was thus an example of the 
agglutination of sensitized erythrocytes in a protein 
medium. An attempt was therefore made to demon- 
strate turkey agglutinogens in these cells by absorp- 
tion of chicken serum against turkey blood. This, 
however, did not reduce the agglutinin titre (Table 2). 
Erythrocytes containing turkey and chicken agglu- 


tinogens simultaneously were thus not demonstrated 
in the blood of this chimera by the method used in 
the present experiment. 
Minan Hasgex 
TomAS Hrasa 
Jan Horr 
Biological Institute, 
Czechoslovak Academy of Sciences, 
Na eviéi8ti 2, Prague, 6. 

1 HaSeck, M., Cs. biologie, 3, 327 (1954). 

* HaSek, M., Cs. biologie, 2, 25 (1953). 

* Hraba, T., Folia Biologica, Prague, 2, 165 (1956). 

* Ottesen, J., Nature, 162, 730 (1948). Brace, K. C., and Altland, 
P. D., Proc. Soc. Exp. Biol. and Med., 92, 615 (1956). Rodnan, 
(oss Ebough, jun., F. G., and Fox, M. R. S., Blood, 12, 355 

® Mitchison, N. A., Cs. biologie, 7, 253 (1958). Sinionsen, M., ¢bid., 
7, 269 (1955). Hort, J., and Hraba, T., ibid., 7, 283 (1958). 


Antibody Formation in Tissue Culture 


W3ILE the production of antibodies by explanted 
tissues or cells from immunized animals is readily 
demonstrable, most attempts to initiate antibody 
formation in vitro have met with failure. Only 
recently has the original claim for success! been 
substantiated by the observations of Stevens and 
McKenna?, who found that normal rabbit spleen 
produced antibody to bovine y-globulin after exposure 
to this antigen in vitro, but only if either the rabbit 
or the spleen had previously been treated with 8. 
typhi endotoxin. 

This report describes the in vitro initiation and 
production of two different antibodies in cultivated 
lymph node cells of normal rats: one reactive with 
the bacteriophage 7'2, the other with hemocyanin 
(busycon canaliculum). In order to induce the 
formation of the T2 antibody, it was necessary first 
to expose the virus to the cells of a rat peritoneal 
exudate obtained 48 hr. after intraperitoneal injection 
of beef infusion broth*. These cells (90 per cent 
macrophages) were washed once with buffered saline 
and then were packed by centrifugation. The 
packed cells (approximately 1-4 x 108) were sus- 
pended in 5 ml. buffered saline containing 10° T2 
phage. The mixture was incubated at 37° C. for 
30 min. The cells were then sedimented by centr- 
fugation at 1,000 r.p.m., washed twice with buffered 
saline, ground in a Ten Broeck homogenizer and 
passed through a Seitz filter. 

2 ml. of this cell-free filtrate were distributed 
among eight Esmarch dishes which contained rat 
lymph node cells maintained in Trowell’s synthetic 
medium‘, Preparations of untreated bacteriophage 
in comparable dilution, and of suspensions of normal 
rat macrophages alone, were added to other lymph 
node cultures. The plates were incubated at 37° C. 
under a 4 per cent carbon dioxide atmosphere. The 
supernatant fluids from these cultures were remov 
after varying periods of time and to one volume 0 
fluid was added one volume of saturated ammonium 
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150 4 


140 4 2 days 


190 4 5 days 
120 $ © days 
110 4 
100 
90 4 11 days 


80 4 


No. of plaques/0-2 ml. 


30 7 
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Dilution of tissue-culture fluids 


Fig. 1. Effect of length of incubation on the formation of 72 
bacteriophage neutralizing antibody from rat lymph node cell 
tissue cultures exposed to rat macrophage-treated 72 bacterio- 
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Dilution of tissue-culture fluids 


Fig. 2. Neutralization of 71 or T2 bacteriophage by fluids from 
tat lymph node cell tissue cultures exposed to either 72 bacterio- 
phage or rat macrophage-treated 72 bacteriophage 


sulphate. The resulting precipitate was dissolved in 
one-eighth the original volume and dialysed over- 
night against buffered saline of pH 7:6. These 
concentrated fluids were tested for phage neutral- 
wation by adding dilutions of the fluid to constant 
tumbers of 72 phage, incubating for 30 min. at 
7° C., plating on EZ. coli B, and counting plaques 
after 24 hr. 


Phage neutralization was found only with fluids 
from lymph-node cells that had been exposed to 
macrophage-treated phage particles. As may be 
seen in Fig. 1, the neutralizing substance appeared on 
the fifth day and increased in titre to the eleventh 
day, after which the cells began to lose viability. 
Fluids which neutralized 72 did not neutralize 7'1 
as shown in Fig. 2. The pretreatment of the virus 
by rat macrophages could not be replaced by treat- 
ment with rabbit macrophages or with HeLa cells. 
It was also found that the treatment of the phage 
with rat macrophages which had been damaged by 
freezing and thawing or by exposure to the Mickle 
vibrator was ineffective. However, a homogenate 
from rat macrophages prepared by the use of a 
Ten Broeck grinder could be substituted successfully 
for intact macrophages. 

A primary antibody response to hemocyanin was 
induced in lymph-node cells from normal rats by the 
addition to the culture of a cell-free filtrate from a 
mixture of hemocyanin and rat macrophages (0:25 
mgm. nitrogen/ml. hemocyanin and approximately 
1-4 x 108 cells were used). Hzemocyanin alone again 
failed to elicit antibody formation. The titres of 
concentrates of tissue culture fluids, prepared in the 
same manner as above, are shown in Table 1. The 
hemagglutination method of Boyden’ was employed. 
If the tissue-culture fluids were freed of protein with 
perchloric acid, hemagglutination activity was lost. 


Table 1. H&MAGGLUTINATION TITRES OF TISSUE CULTURE FLUIDS 
AGAINST HZ MOCYANIN 





” SA fe Yi 7 


| Hemagglutination titres 
Antigen added to rat lymph node tissue 




















Post-incubation cultures 
time (days) | ar 
Hemocyanin Macrophage-treated 
hemocyanin 
0 oT 0 
4 0 0 
7 0 1:10 
11 0 1 : 80-1: 160 





+ Titre less than 1: 10. 


Further work is under way to characterize the 72 

phage-neutralizing substance. 
MaArvIN FISHMAN 
Division of Applied Immunology, 
Public Health Research Institute 
of the City of New York, Inc., 
New York, 9. 
1 Carrel, A., and Ingebrigtsen, R., J. Exp. Med., 15, 287 (1912). 
2 Stevens, K. M., and McKenna, J. M., J. Exp. Med., 107, 537 (1958). 
3 Sawyer, W. D., Smith, R. M., and Wood, W. B., J. Exp. Med., 100, 
417 (1954). 

4 Trowell, O. A., Exp. Cell. Res., 9, 258 (1955). 
5 Boyden, 8S. V., J. Hap. Med., 98, 107 (1951). 


Glutamine Metabolism of Normal and 
Malignant Cells cultivated in Synthetic 
Media 


PREVIOUS communications from this Laboratory?” 
have reported changes in the amino-acid content of 
synthetic medium M 150 during cultivation of a 
variety of freshly explanted tissues and have estab- 
lished a characteristic pattern of change with each 
tissue studied*. Cultivation of strain L (Earle) cells 
of mouse fibroblastic origin revealed a pattern of 
changes in the synthetic medium differing significantly 
from that of the freshly explanted tissues in regard 
to the metabolism of glutamine‘. These studies have 
now been extended to a number of cell lines of malig- 
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CHANGES IN GLUTAMINE CONCENTRATION OF SYNTHETIC 


Table 1. 
Various CELLS AND TISSUES 


MEDIUM DURING CULTIVATION OF 





Change in glutamine 
| content of medium* 


Tissue cultures 





Chick embryonic heart 

Chick embryonic kidney 

Chick embryonic liver 

Monkey kidney explants 

Monkey kidney trypsinized 

Strain L (mouse fibroblasts) 

HE 55 (human kidney) | 

FL strain (human amnion) 

Strain HeLa (human malignant epithelium) | 
J-96 (human leukemic) 

J-111 (human leukemic) 

J-128 (human leukemic) 











* +, Inc decrease. Changes are based on most active 
period’ of motebetiens of each culture type. 


nant origin and appear to have established a consistent 
difference between the two types of cultures. All 
cultures of freshly explanted tissues so far examined 
accumulate glutamine in the culture medium, while 
all established cell lines studied utilize this amide 
from the surrounding fluid. 

The composition of the synthetic medium and the 
methods of tissue cultivation have been described 
previously'*. Samples of the culture medium were 
removed at appropriate intervals, pooled, and ali- 
quots analysed by paper chromatography’, using 
both one-dimensional and two-dimensional methods 
for separating completely the amino-acids of the 
culture medium. The results of these experiments 
are summarized in Table 1. 

It is evident that the freshly explanted tissues show 
a marked increase in the glutamine content of the 
medium. On the other hand, the established cell 
strains, which are largely of human malignant origin, 
bring about a marked decrease in the glutamine 
concentration. This decrease is greatest with the 
HeLa cell strain and the three lines of human leuke- 
mic cells, while the human kidney, human amnion, 
and strain L cells show the same change to a lesser 
degree. The behaviour of monkey kidney cells 
appears to depend on the method of preparation of 
the cultures. Primary cultures prepared from 
freshly explanted fragments cause a slight increase 
in glutamine content of the medium, while primary 
cultures prepared by trypsinizing the tissue to a cell 
suspension bring about a slight decrease in glutamine 
concentration. Similar variation in glutamine meta- 
bolism by monkey kidney cells cultivated in media 
supplemented with serum has been observed by 
Eagle et al.’. 

The completely synthetic medium used in these 
experiments supports the survival of freshly explanted 
tissues for more than 30 days and maintains the 
established cell strains for somewhat shorter periods. 
The results presented in Table 1 were obtained, there- 
fore, under conditions of survival and active meta- 
bolism, but not of rapid propagation. It should also 
be noted that synthetic medium M 150 contains a 
high level of glutamic acid in addition to glutamine, 
but that the changes in glutamine content of the 
medium have been demonstrated previously‘ to be 
independent of glutamic acid. 

The present observation that established cell 
strains, of predominantly malignant origin, reduce 
the glutamine content of the culture medium is in 
accord with the report by Roberts and Borges’ that 
tumour cells are generally distinguishable from normal 
tissues by their low levels of free glutamine. It 
should also be pointed out that the present status of 


the established cell strains is somewhat uncertain. 
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Those now available, whether of normal or malignant 
origin, appear to possess certain malignant character. 
istics, and it is considered that alterations in ¢e¢lj 
type or properties have occurred during the period 
preceding their establishment as cell lines*.®, The 
present observation that such cell lines can utilize 
glutamine may be interpreted, accordingly, either 
as a possible metabolic difference between normal 
and malignant cells, or as a possible alteration jn 
cell metabolism associated with the establishment of 
permanent cell lines in tissue culture. 

We wish to thank Dr. S. F. Kitchen, Dr. R. ¢. 
French, and Mr. L. F. Guerin, of the Virus Section 
of this Laboratory, for cultures of human kidney and 
humian amnion and for monkey kidney tissue ; and 
Dr. E. E. Osgood, of the University of Oregon, Port- 
land, for the human leukemic strains. 
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JosEPH F. Morcan 
Laboratory of Hygiene, 
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Jan. 26. 
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Electron Microscopic Observations on 
a Fibrous Component in Amyloid of 
Diverse Origins 


AMYLOIDOsIs in man and animals may be associated 
with other disease entities or may occur spontaneously. 
The relationship, if any, of the different forms of 
amyloid has proved difficult to ascertain, and the 
chemical nature of amyloid has not been established. 
Previous studies have indicated that it is predomin- 
antly protein in nature!” and have suggested that the 
protein is not primarily collagen* or y-globulin‘. 
No chemical differences have been noted in amyloid 
of different sources. The precise definition of the 
amyloid protein has, however, been hampered by its 
insolubility in organic solvents. 

Polarization microscopy in this laboratory as in 
others® has demonstrated that unstained and congo 
red stained accumulations of amyloid of a variety of 
sources exhibit positive birefringence with respect 
to the long axis of the deposit. This suggests that 
amyloid is not as structurally amorphous as it appears 
in the light microscope. To explore this possibility, 
electron microscopic studies were undertaken. 

The following materials were used : (1) kidneys of 
6 rabbits with casein-induced amyloidosis ob 
immediately at the time of killing; (2) skin and 
subcutaneous tissue biopsy material from a patient 
with proved primary amyloidosis ; (3) kidney of 
patient with amyloidosis of parenchymal orgats 
(liver, spleen, kidney) obtained 3 hr. post-mortem. 

The tissues were immediately cut into specimens 
about 1 mm.®* and were fixed in both Dalton’s solution 
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Fig. 1. Portion of rabbit glomerulus demonstrating amyloid 
fibrils in haphazard pattern. A, Amyloid; End, glomerular 
. endothelial cytoplasm. (x c. 17,500) q 
Fig. 2. Portion of subcutaneous tissue biopsy of patient with 
primary systemic amyloidosis. Amyloid fibrils arranged in 
“ curved bundles. (x c. 23,500) 
Fig. 3. Portion of renal tubular interstitial area of kidney 
obtained 3 hr. post-mortem. Fibrils in amyloid in swirls. 
(x 8,000) 
and buffered osmium tetroxide in sucrose, then 
dehydrated in alcohol. Alternate specimens were put 
through 1 per cent phosphotungstic acid in absolute 
alcohol. The tissue was embedded in n-butyl meth- 
arylate, and polymerized overnight with benzoyl 
peroxide at 60° C. Thin sections 250-500 A. thick 
were cut on a Porter-Blum microtome and examined 
inan RCA-EMU-2B electron microscope. Successive 
thick sections (up to 0-5y thick) were cut from the 
same blocks and studied with the phase microscope ; 
and, after staining, with the light microscope in order 
‘0 determine the exact location of the amyloid. 
formalin-fixed sections of the same material which 
had been prepared simultaneously with the osmium 
ixation were also cut, stained with hematoxylin 
and eosin, crystal violet, congo red and van Gieson 
lyes, to permit estimation of the amount of amyloid 
besent. All three types of amyloid-containing tissues 
‘tudied, bound congo red and exhibited metachrom- 
&ia with crystal violet. 
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In the rabbit kidneys, the appearance of the 
amyloid wes striking. It was localized between the 
basement membrane and the endothelial cell cyto- 
plasm and in specimens fixed without phosphotungstic 
acid, had a fine granular appearance with delicate 
filaments running through it. In the material stained 
with phosphotungstic acid the filaments were more 
clearly defined and in several areas there was a sugges- 
tion of beading along the strands. The distribution 
of the filaments was either haphazard (Fig. 1) or, in 
areas near endothelial cell cytoplasm, in bundles. 
Although limitations imposed by sectioning prevented 
the precise delineation of fibril dimensions, they 
appeared to range in length from 1200 to 5000 A., and 
in width from 50 to 120 A. 

The biopsy specimen of the patient with extensive 
primary amyloidosis also showed wavy bundles of 
delicate fibrils in the electron microscope. These 
correlated with the areas of amyloid as seen in the 
phase microscope and in stained sections. The 
dimensions were similar to thore seen in the rabbit 
amyloid. The width varied from 70 to 140 A. and long 
strands up to 16,000 A. were measured. No cross- 
banding was apparent. These fibrils were often seen 
near collagen fibrils in the same section but were 
easily distinguished from them since the latter had 
a greater width and characteristic cross-banding. 
Fig. 2 demonstrates the delicate, wavy nature of the 
amyloid filaments as seen at a magnification of 
c. 23,500. 

The amyloid in the kidney of the patient with 
parenchymatous involvement also demonstrated 
fine bundles of filaments similar to those noted above. 
Fig. 3 represents a 8,000-magnification of an area of 
amyloid in the renal interstitial area. The fine curved 
nature of the fibrils is again apparent. 

Thus amyloid of diverse origin had similar sub- 
microscopic structural characteristics. The fibrils 
as observed thus far appear to be morphologically 
distinct from collagen, thus corroborating previous 
chemical studies*. Further isolation and character- 
ization studies of this fibrous element should contri- 
bute to our understanding of amyloid. 

Support of these investigations has been received 
in large part from the National Institute of Arthritis 
and Metabolic Diseases, U.S. Public Health Services 
Grant A-1064 (C-3). 

Atan 8. CoHEN 
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Department of Medicine, 
Harvard Medical School 
and the Medical Services of the 
Massachusetts General Hospital. 
Jan. 19. 
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Relationship between Salinity and Breeding 
of Anopheles — in North-Eastern 
anganyika 

A FEATURE of interest in the transmission of malaria 
in the Pare area of Tanganyika, before residual spray- 
ing, was the low sporozoite rate in A. gambiae, 
infections of less than 1 per cent normally occurring. 
Two factors thought to contribute to the low sporo- 
zoite-rate were facultative feeding on cattle, and a 
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low survival-rate in the vector’?. A further possibil- 
ity, that could not be excluded, was that the local 
strain of A. gambiae was also relatively resistant to 
infection or exhibited some innate difference in 
behaviour that reduced its chance of acquiring an 
infection, compared with strains in other areas. The 
existence of a low sporozoite-rate in salt-water 
A. gambiae on the humid coast of Tanganyika*® gave 
rise to spsculation as to whether the presence of saline 
soils in the Pare area was not associated there also 
with the low sporozoite-rate. 

In the vicinity of rivers that descend from the 
South Pare Mountains, there are porous alluvial fans 
that are not saline. Surrounding these fans are 
much older impermeable soils from which rainfall 
and seepages from the mountains evaporate to a 
much greater extent, and are therefore saline. 
Salinification of the soils is particularly marked 
along the edges of fans where river seepages are held 
up by impermeable soils. 17 soil samples were 
obtained from different points along the valley 
between the South Pare and Usambara Mountains. 
The salinity of each sample was indicated by its 
conductivity in a 1—5 soil/water suspension at 25° C., 
and the results expressed as micromhos/em. Con- 
ductivity of soil was 200 by a river, 950 to more than 
3,000 in the swamp area, and more than 3,000 
micromhos/em. at the edge of an alluvial fan. 

The chloride content of water in which A. gambiae 
was found breeding was estimated by the method 
of Sinton and Kehar‘, and the results expressed as 
parts of chloride per 100,000 of solution and as per 
cent sea-water chloride. Among 42 samples, the 
parts of chloride varied from 2-5 to 170 or, in terms 
of chloride concentration in sea water, a range of 
0-13 per cent to 8-95 per cent. The distribution of 
saline breeding places coincided with that of saline 
soils. Parts of chloride were 2-5—5 near a river, 
2-5-55 in the swamp area, and 20-170 at the edge of 
an alluvial fan. 

Recently hatched larve from the eggs of 7 A. 
gambiae from huts, and 11 from outdoor box shelters, 
were subjected to Ribband’s test* and none survived. 
Observations were then made, at 30-min. intervals 
for 8 hr., on mortality of recently hatched larve 
in a series of saline concentrations. The results 
(Table 1) show that the larve survived chloride 
concentrations equal to 30 per cent sea water for 8 hr., 
but died within 74 hr. at 34 per cent. 


Table 1. MORTALITY OF A. gambiae LARVE IN A RANGE OF SALINITIES 


Parts Cl/100,000 1,450 1,050 850 800 650 550 525 500 
Sea water (per cent) 77 656 45 42 34 30 28 26 
Survival (hr.) 0-5 10 25 35 75 80 80 8-0 


Ribbands* found that A. melas on the west coast 
could develop in 150 per cent sea water, whereas the 
maximum concentration in which freshwater A. 
gambiae underwent complete development was 374 per 
cent sea water. Muirhead-Thomson’ found evidence 
that salt-water gambiae at Dar es Salaam would not 
survive salinities higher than 83 per cent sea water, 
although they survived Ribbands’s test. A. gambiae 
from Pare did not survive Ribbands’s test or salinities 
higher than 34 per cent sea water. It is concluded 
that A. gambiae in the Pare area is typical freshwater 
gambiae, and that resemblances in sporozoite rate 
between A. gambiae in Pare, and salt-water A. 
gambiae on the east coast, are not related to the 
occurrence of saline soils in the former area. 

We acknowledge with grateful thanks the help 
given us by Dr. T. E. Fletcher in providing apparatus 
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thanks to Dr. D. Bagster Wilson for helpful criticism, 
A. Sir 
East African Institute of Malaria 
and Vector Borne Diseases, 
Amani. 
J. W. Van 
Government Chemist’s Department, 
Tanganyika. 
Jan. 30. 
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Relationship between Epiphytic Algal 
Species and their Macrophytic Hosts 


EPIPHYTES on the submerged parts of macrophytes 
have long been studied, but mainly from the taxon. 
omic point of view. Little is known about the 
relationship of epiphytes with their host plants, or 
more particularly, whether certain species of algal 
epiphytes are associated with certain species of 
macrophytes. From observations made in Scotland, 
Sudan and in Malaya, I think that there is possibly 
some association. Mention was made of this in 
19551, but since then there seems to have been no 
published information concerning this aspect of algal 
ecology. 

Field observations are often marred by the fact 
that it is difficult to separate the effect due to decay 
from the natural epiphytic flora on healthy growing 
parts. The answer to such problems is to use healthy 
plants completely free from epiphytes, and to watch 
what develops on them in a particular environment. 
The difficulties in getting such ‘clean’ plants are 
innumerable. Dissected growing points are very slow 
to develop, while seeds of aquatic plants are often 
difficult to germinate. The use of algicides, such as 
copper sulphate and potassium permanganate, may 
not suppress fungi as well unless used in such quan- 
tities as may damage the growing points of the 
macrophytes. A solution to the problem was found 
by using ‘Katadyned’ water, which contains free 
silver ions in active form. 

The plants chosen, Enhydrias angustipetala, Naias 
graminea and Utricularia sp., were all plants common 
in paddy swamps and in the fish ponds at this 
Station. Young healthy shoots were washed with a 
jet of water to free them as much as possible from 
attached algae, and each species was then placed in 
a large jar of ‘Katadyned’ water to which had been 
added some ‘Sterasyl’ or silver-coated gravel to 
maintain the content of silver ions in the water. 
The new young shoots which grew were completely 
free from epiphytes, and they in their turn were 
detached and transferred to fresh ‘Katadyned’ water. 
In this way healthy ‘clean’ plants were obtained. 

A good length of the younger shoots of each 
species was transferred to a large fish pond, and sunk 
by weighting the lower end with a stone. Each 
plant was protected by a wire cage to exclude macro- 
phyte-eating fish, but not smaller animals such 4% 
Crustacea, Rotifera and Protozoa. The pH of the 
water was 6-9. At the end of a fortnight the plants 
had increased in size and were coated with epiphytes 
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They were carefully lifted, rinsed in water to free 
thm from loose material, and then preserved in 
jper cent formalin. 

A quick observation showed that, apart from some 
jose filaments of Mougeotia capucina (Bory) Agardh, 
the main epiphytic flora consisted of the diatoms 
Gomphonema, possibly G. gracile E. and Eunotia, 
probably H. pectinalis (Kz) Rbh. var. elongata V.H. 
and also attached plants of an undetermined species 
of Oedogonium (since no reproductive stages). As 
wide a selection of leaves as possible was taken, 
avoiding only the very youngest newly opened ones, 
which were still devoid of epiphytes. Twenty leaves 
fom each species were examined ; in the case of 
Utricularia a leaf consisting of several leaflets. The 
epproximate area of each leaf was determined, and 
a systematic count of the epiphytes made. The 
results were expressed as density per sq. mm., the 
diatoms as cells, Oedogonium as attached whole plants. 
As was expected, the older leaves bore the heavier 
crops of epiphytes. 


Table 1. ANALYSIS OF DENSITIES OF Gomphonema 
Total Mean Variance 
Macrophyte bx rr o loge(a*) 
Utricularia 280-94 14-05 205 0380 532301 
Naias 40-91 2-05 2°4217 0-88438 
Enhydrias 36-60 _ 1°83 2-2520 0-81182 


From the results given in Table 1 it seems at first 
glance that the density of Gomphonema is much 
higher on Utricularia than on the other two species 
of macrophyte. Applying Bartlett’s test for y? it 
can be shown that this difference is significant. 

















x = B/C, where B = kn.logS* — nilog,(s*) 


and C = 1 + (k + 1/3nk) 

Then y? = 108-718/1-023 = 106-26 

For 2 degrees of freedom at the 5 per cent level 
7° = 5-99. 

The three Gomphonema communities cannot be 
drawn from one and the same population. 

Comparing only Naias and Enhydrias for Gom- 
phonema we have x* = 0-0496. For one degree of 
freedom at 5 per cent level y? = 3-84. There is 
therefore no difference between the density of 
omphonema on Naias and Enhydrias. 

No Eunotia was found on Utricularia, so only Naias 
and Enhydrias need be compared. 


Table 2, ANALYSIS OF DENSITIES OF Eunotia 


Total Mean Variance 
Macrophyte Za r; a loge(o*) 
Naias 95-37 4:77 147-9761 4-99721 
Enhydrias 1-42 0:07 00234 —3-75502 
r = 135-4. For 1 degree of freedom at 5 per cent 
y= 3-84. There is therefore a significant difference 


Porgy the densities of Hunotia on Enhydrias and 
Naias. 

Since no Oedogoniwm was found on Utricularia and 
only one specimen on all the leaves of Naitas examined, 
it is obvious that there is a significantly higher 


| Population on Enhydrias. 


The above results suggest therefore that Enhydrias 
favours the growth of Oedogonium, Naias that of 
Eunotia, while Utricularia bears the heaviest density 
of Gomphonema. These experiments were only 
Preliminary and of short duration, and further 
®xperimeits will be necessary. However, nothing is 
known about the physiological relationship, if any, 
between the host plants and the epiphytes, nor is it 
known what determines which species of epiphyte 
hall develop. Should the associations prove true, 
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they must play a very important part in the produc- 
tivity of waters. In the case of algal-feeding fish, 
such as Tilapia mossambica, the epiphytic flora may 
play a very important part in its diet ; since there is 
evidence concerning the varying digestibility of the 
different groups of algae, any factor that may 
determine which species predominate may be of vital 
importance in the culture of the fish. It would 
therefore be of great interest to learn if any other 
similar experiments and observations have been 
carried out elsewhere. 
G. A. PROWSE 
Fish Culture Research Station, 
Batu Berendam, 
Malacca, 
Malaya. 
Feb. 6. 
1 Prowse, G. A., Proc. Int. Assoc. Theor. App. Limn., 12, 159 (1955). 


Improved Preservation of Tendon for 
Electron Sinaia through Wet Freeze- 
rying 

Most of the information on the fine structure of 
biological tissues as revealed through electron 
microscopy has been gained from sections of material 
fixed with buffered osmium tetroxide, dehydrated in 
alcohols, and embedded in plastics. The degree of 
preservation of intracellular detail attained by such 
handling has been in general very consistent, and the 
preparatory techniques have been widely accepted as 
adequate. It has become evident in our recent work 
that, while some extracellular structures are also 
regularly well preserved, others seem to suffer 
considerable damage when processed in like fashion. 
This has especially been true in the case of tendon, 
where the component microfibrils appear to become 
widely separated (Fig. 1). The particular tendons 
under study are found in the leg of the domestic 
turkey, and they are of interest to us because they 
undergo calcification. It is obvious that in order to 
investigate the relationships between collagen fibrils 
and mineral crystallites tissue preservation is of the 
utmost importance. 

In our efforts to determine whether or not the 
structural pattern shown in Fig. 1 represents a true 
picture of the fibrillar organization of intact tendon, 
specimens were subjected to different preparatory 
methods for purposes of comparison. One possibility 
which was explored arose from a purely physiological 
observation reported by Mueller and Szent-Gyérgyi'. 
They noted that when muscle fibres were dehydrated 
by immersion for three weeks in chilled acetone, 
transferred to cold ethyl chloride for one week, and 
then dried in air, they could still be made to contract 
after rehydration. This suggested that a remarkably 
high degree of structural preservation must have been 
attained, and led us to investigate the potentiality of 
this procedure as applied in histological technique. 
We have found that when similar treatment with 
acetone and ethyl chloride is substituted for the 
osmium tetroxide fixation and alcoholic dehydration 
steps or for the fixation step alone, sections from 
methacrylate-embedded tendon fibres present a quite 
different appearance under the electron microscope 
(Fig. 2). The collagen microfibrils are in close contact 
and form wide bands with a definite alignment of 
the 640 A. striations. The sheet-like configuration 
resembles that seen in preparations of both teased 
native collagen fibrils? and reconstituted collagen’. 
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Fig. 1 (top). A thin section of uncalcified tendon from the leg 

of an 8-week old turkey; fixed in buffered 1 per cent osmium 

tetroxide, dehydrated in alcohol, embedded in methacrylate 

Fig. 2 (below). A thin section of similar tendon which was simply 

treated with chilled acetone and ethyl chloride before embedding 
in methacrylate (both ¢. x 11,670) 


We believe that this microscopic picture reflects a 

more intact state of tissue preservation, and more 

nearly represents the true structure of tendon fibrils 

than has hitherto been observed in sectioned material. 
Davip B. Scorr 
MARIE U. NYLEN 

Laboratory of Histology and Pathology, 

National Institute of Dental Research, 

National Institutes of Health, 
Bethesda, Maryland. 


Feb. 9. 


1 Mueller, H., and Szent-Gyirgyi, A., Science, 126, 970 (1957). 
* Pratt, A. W., and Wyckoff, R. W. G., Biochim. Biophys. Acta, §, 166 
(1950). 
Gross, J., J. Biophys. and Biochem. Cytol., 2, Supp., 261 (1956). 


BACTERIOLOGY 


Bacterial Action in Pond-stored Logs 


EXTREME porosity was found in sapwood lumber 
produced from logs of Pinus ponderosa and P. 
lambertiana which had been stored in a pond from 
one to several months. The extreme porosity resulted 
in substantial over-absorption of water-repelient 
preservative solutions which are normally applied to 
millwork, with consequent difficulties in painting and 
utilization. 

Investigation showed that bacteria operating under 
anaerobic conditions rapidly increased the perme- 
ability of the sapwood without substantially affecting 
strength. The attack was characterized by: (1) re- 


moval of parenchyma ray cell contents ; (2) corrosion 
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and eventual destruction of parenchyma, particularly 
in ray tissue. With the assistance of Dr. E. McCoy of 
the University of Wisconsin, at least one group of 
the destructive bacteria was identified as Aerobacillys 
polymyxa (flax retting bacteria) and related species, 
Unidentified bacteria in pond-stored logs have been 
previously reported by Stutz and Stout (Western 
Pine Association)! in connexion with brown-stain 
development in pine. 

Many bactericidal and related treatments were 
applied to pond water. In preliminary laboratory 
tests the most economic and practicable controls 
found to date are acidification of infected water with 
sulphuric acid or application of sodium chloride. 

Subsequent surveys indicate that this attack is 
widespread, at least in mill-ponds in California, but 
not generally recognized. There were some indica. 
tions that causative bacteria may be present in sound 
logs before entry into the storage pond but attack 
was only found in ponded logs. 

This work will be reported in detail in the Journal 
of the Forest Products Research Society. 

Eric L. Evuwoop 
Barton A. Ecxtunp 
Forest Products Laboratory, 
University of California. 
Feb. 20. 


1 Stutz, R. E., and Stout, A. W., Proc. Plant. Phys. Meetings, Plant 
Phys., 32, Supp. (Aug. 25, 1957). 


Cell-Wall Composition of Leptotrichia spp. 
Tue status of the genus Leptotrichia has long been 


a matter of controversy, and in the current edition of 
Bergey's “Manual’”* it is omitted completely. Never- 
theless, there is no doubt of the existence in the 
oral flora of micro-organisms corresponding to the 
descriptions of Leptotrichia, and entirely distinct 
from other genera to which they have at various times 
been relegated by systematists. Two types are 
commonly found in the mouth, to both of which the 
name Z. buccalis has been applied; these were 
distinguished by us as two species, L. buccalis and 
L. dentium*. Both are relatively large, filamentous, 
Gram-positive bacteria, but they differ considerably 
in morphology and metabolic characters, and the 
salient question arising from their recognition and 
distinction is whether they are sufficiently alike to be 
retained even in the same genus. ; 
To the solution of this problem we have applied 
the technique of cell-wall analysis. according to the 
methods of Cummins and MHarris*, with certain 


modifications. 
Sugars and amino-sugars were obtained from whole- 


cell hydrolysates, and analysed by descending, one- 
dimensional paper chromatograms using Whatman 
No, | paper and either ¢<sopropanol (160)/water (40) 
or phenol (80)/water (20) as solvents. Amino-acids 
were obtained from ce)l-wa)) fractions of cells broken 
by ultrasonic vibration, and chromatographed as for 
sugars, using isopropanol (70)/water (20)/acetic acid 
(10), or phenol (80)/water (20) + ammonia. 
Leptotrichia buccalis and L. dentium yield exactly 
identica) ce)l-wal) amino-acid patterns, consisting of 
alanine, glutamic acid and DL- or pD-diaminopimelit 
acid as major components, and traces of glycine, 
serine, lysine and leucine. From our own comparative 
studies and the results of Cummins and Harris* this 
pattern appears to be representative of the gener 


Nocardia, Mycobacterium and Corynebacterium. 
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Sugar analyses showed arabinose and glucose as the 
major components of L. dentium, but only glucose 
in L. buccalis. Both gave small amounts of hexos- 
amine (probably glucosamine) and ribose. The 
characteristic sugars of Nocardia, Mycobacterium 
and Corynebacterium are arabinose and galactose, 
which distinguish ZL. dentwwm from these. genera. 
L. buccalis is even more clearly differentiated by its 
lack of arabinose. 

From the evidence so far available it thus appears 
that the two species described by us? may reasonably 
be retained in the same genus, although it must be 
recognized that the taxonomic significance of amino- 
acid and sugar patterns in bacterial cell walls is yet 
poorly understood. There is already considerable 
variation in the literature regarding the taxonomic 
levels, that is, species, genera, etc., at which these 
patterns function as diagnostic characters. For this 
reason, the question of relationships between Lepto- 
irichia and other groups still cannot be answered 
with any confidence. On the basis of morphology 
and cell-wall patterns, relationship to the Nocardia, 
Mycobacterium, Corynebacterium group of genera 
seems reasonable, whereas upon metabolic characters 
and cell-wall pattern, relationship with Lactobacillus 
plantarum is possible ; it may be that this apparent 
divergence in relationships will be reconciled by future 
work. No relationship to Fusobacterium or Actino- 
myces is indicated by our studies of cell walls in these 


a G. H. G. Davis 
A. C. BAtRD-PARKER 
Department of Bacteriology, 
University of Birmingham. 
Feb. 11. 


‘Breed, R. S., Murray, E. G. D,, and Smith, N. R., “Bergey’s Manual 
of Determinative Bacteriology”, seventh edit. (Williams and 
Wilkins, Co., Baltimore, 1957). 

1050) H. G., and Baird-Parker, A. C., Brit. Dent. J., 106, 70 

‘Cummins, C. S., and Harris, H., J. Gen. Microbiol., 14, 583 (1956). 

‘Cummins, C. S., and Harris, H., J. Gen. Microbiol., 18, 173 (1958). 


Synthesis of Deoxyribonucleic Acid during 
the Division Cycle of Bacteria 
In bacterial cultures undergoing synchronous 


growth, deoxyribonucleic acid has repeatedly been 
shown to be synthesized during part of the division 
yele only (see review by Campbell, ref. 1). This 
could, however, be due to the physical or chemical 
operations used to induce synchronous division and 
need not reflect the normal pattern of synthesis of 
deoxyribonucleic acid. We have tested this pos- 
‘ibility by examining autoradiograms of cells from 
winfluenced cultures growing exponentially which 
had been exposed to thymidine labelled with tritium 
for short periods. Tritiated thymidine has already 


proved useful in studies of the mechanism of replic- 
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ation of deoxyribonucleic acid in bacteria*. The 
present experiments indicate that during normal 
exponential growth, synthesis of deoxyribonucleic 
acid is virtually continuous. 

Two strains of Escherichia coli requiring thymine, 
namely, 157'- (from the laboratory of Dr. 8. 8. Cohen) 
and B3 (from Dr. 8. Brenner), were employed. These 
strains differ in morphology, mobility, rates of 
growth and sensitivity to penicillin. In addition, a 
wild-type strain of Salmonella typhimurium was used. 
Table 1 lists the media employed and the rates of 
growth obtained at 37° C. ‘Tritiated thymidine 
(Schwarz Laboratories, Inc.) with a specific activity 
of 360 mc./mM was added to these media to a 
concentration of 3-5 yugm./ml. for H. coli and 
12 ugm./ml. for S. typhimurium. Before addition of 
the labelled compound, exponential growth had been 
maintained at a constant rate for several generations 
in the presence of 0-5-1:0 ugm./ml. of unlabelled 
thymidine. Samples were removed at different times, 
treated with cold 0-5 N perchloric acid for 30 min., 
washed and resuspended in saline. This suspension 
was placed on agar blocks and, after the liquid had 
been completely imbibed, impression smears were 
made by touching the surface with ‘subbed’ glass 
slides (Ilford, Ltd.). The slides were covered with 
stripping film (autoradiographic film, AR 10, Kodak, 
Ltd.) according to the technique of Doniach and 
Pelc*. The time of contact with the film was selected 
to give an average of 3—5 grains per bacterium, and 
after development the bacteria were stained— 
through the film—with crystal violet. 

Control experiments showed that the number of 
grains produced by the bacteria was reduced to the 
background value (about 1 = grain/100u%) after 
treatment with 100 ugm./ml. deoxyribonuclease for 
30 min. at 37° C. Treatment with 0-5 N perchloric 
acid at 70° C. for 20 min. reduced the number of 
grains by 80-90 per cent, whereas the routine treat. 
ment with cold perchloric acid had no demonstrable 
effect. We therefore assume that nearly all the radio- 
activity which remains in the cells after extraction 
with cold acid resides in the deoxyribonucleic acid. 
Possible deoxyribonucleic acid-precursors of high 
molecular weight cannot be taken into consideration, 
since no chemical or genetic test has yet been 
developed which would distinguish such entities from 
deoxyribonucleic acid proper. 

Table 1 summarizes nine experiments designed to 
show whether, during a fraction of the average 
generation time (see column 4), all or only part of 
the cells of a growing culture incorporate thymidine 
into their deoxyribonucleic acid. For each experiment 
the distribution of grains per cell was fitted to a 
Poisson distribution with the same mean value. 
This preliminary analysis revealed no systematic 
deviation from the Poisson distribution (see the P 
values of the last column), and it may therefore be 














Table 1 
{ , 
Average | Incorporation | Average | Fraction | P per cent 
: i : generation |timeasfraction| No.of | No.of of cells (of fit to | 
Organism ) Culture medium time of the average cells grains )} with Zero Poj on } 
(min,) generation time | counted per cell grains distripution) 
i } 
E.coli 157 | Glucose-salts—thymidine | 45 0-1 [301 | 3-36 | 0-047 | 20-30 | 
E coh 157 ( Glucose-salts—thymidine { 45 02 i. a. ae 0-083 ] 80-90 
R coh BS | Giucose-salts-thymidine 48 01 | 257 2-58 | O12 | 5-10 
zo B38 | Glucose-salts—thymidine 48 0-2 | 300 3-27 0-088 | 0-1-1 
“4 coi 15 eps | Casamino acids—salts—thymidine | 28 o2 | 292 3-52 0-058 0-1-1 
FE co 15 T- | Rhamnose-salts—thymidine 64 { 0-1 {288 4 8°08 0-060 | 5-10 
2° Ooi 107 | Rhamnose-salts-thymidine 64 02 140 4°87 0-007 | 60-70 
§. lyphimurium | Glucose-salts—thymidine | 50 0-2 208 «| 3-29 0-044 | 80-90 
S. tuphim um Glucose—salts—thymidine } 50 0-2 213 4-05 0-009 \ 60-70 











} 
j 
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concluded that roughly equal amounts of tritiated 
thymidine are taken up by individual cells during a 
short period of exposure. 

A detailed analysis, to be published elsewhere, has 
led us to the conclusion that synthesis of deoxy- 
ribonucleic acid takes place over more than 80 per 
cent of the division cycle; it was not possible to 
decide whether the rate of synthesis remains constant 
or increases during the cycle. The model on which 
the analysis was based allows for the fact that some 
of the cells divide during the period of incorporation 
of labelled thymidine, and it could be shown that 
such sources of error as trackiness in the autoradio- 
grams and variation in the individual generation 
times do not invalidate the interpretation. 

Our results indicate that the pattern of synthesis 
of deoxyribonucleic acid found in synchronous 
growth experiments is artificial, and great caution 
must therefore be exerted in interpreting data from 
such experiments in terms of the normal division 
cycle. The rapidly growing bacterial cells apparently 
differ, with respect to their synthesis of deoxy- 
ribonucleic acid, from animal and plant cells, where 
this process seems to be restricted to part of the 
interphase period. 

M. ScHAECHTER* 
~ W. BentTzon 
MaatorE 
Universitetets Mikrobiologiske Institut, 
Copenhagen. 
* Present address: College of Medicine, University of Florida. 
Aided by a postdoctoral fellowship grant from the American 


Cancer Society. 
*Campbell, A., Bact. Rev., 21, 263 (1957). 


‘rae 2. B., Forro, jun., F., and Hughes, W. L., Nature, 181, 828 


aoe i and Pelc, S. R., Brit. J. Radiol., 23, 184 (1950). 


Adaptation of Marine Bacteria to Growth 
in Media lacking Sodium Chloride 


THE adaptation of marine bacteria to the ability 
to grow on ordinary nutrient media prepared with 
distilled water instead of sea water has been observed 
in stock cultures; but, paradoxically, procedures 
designed to acclimatize these forms have not been 
successful'*, The .techniques previously reported 
have involved successive cultivation of the organisms 
in media progressively diluted with distilled water. 
A possible reason for the failure of these trials seems 
to be the complex nature of the adaptive changes 
required to allow for the simultaneous reduction 
or omission of all the components of sea water. 
Accordingly, the possibility of adapting marine 
bacteria to growing on media prepared with a 
synthetic sea water lacking only sodium chloride has 
been tested 

The cultures employed were isolated from samples 
of water from the Atlantic Ocean (St. Augustine, 
Florida) and the Gulf of Mexico (Cedar Key, Florida). 
All cultures required media prepared with sea water, 
and their cells lysed when suspended in distilled water. 
None of the organisms grew in media prepared with 
synthetic sea water from which sodium chloride was 
omitted; but on the other hand, sodium chloride 
alone failed to satisfy their mineral requirements. 
The synthetic sea water employed was compounded 
as follows: sodium chloride, 2-4 per cent ; hydrated 
magnesium chloride, 0-53 per cent; hydrated 
magnesium sulphate, 0-70 per cent; potassium 
chloride, 0-07 per cent. The organisms grew ade- 
quately in media prepared with this salt mixture. 


NATURE 
































April 25. 1959 VoL. 183 No 
The nutrient base in all media was ‘Trypticase’ intial 
(B.B.L.) 1-0 per cent, supplemented with 1-0 per cen: be 
fresh yeast infusion (10 per cent yeast). Media fron “™ 
which sodium chloride was omitted contained no had ¢ 
added sodium ions, contained less chloride ions ani ™°% 
had a lower tonicity ; consequently even this si when 
omission posed a complex problem in adaptation. me 
A number of attempts to adapt these marin | 
cultures to non- dependence on sodium chloride by chlor 
the dilution of growing cultures failed. These effors  ™ 
were arranged to permit the optimum opportunity shoul 
for the induction of the entire population to non-§ % © 
dependence on sodium chloride similar to the reportedg " 
behaviour of Escherichia coli toward increased bir“ 
concentration of sodium chloride*, On the other hand § 
when heavy suspensions of the cultures were plated wild 
on the nutrient media prepared with artificial sea (7! 
water from which sodium chloride had been omitted, grow 
a small proportion of the cells grew and produced th 
colonies. These were capable of growing in subse.§ ” 
quent culture in the absence of sodium chloride.§ “gl 
When similar aliquots were plated on nutrient medial 7°?" 
prepared with fresh water, no colonies were obtained diffic 
from any of the cultures tested. The frequency with™ *”°° 
which the cells independent of sodium ions occurred | 
was compatible with their resulting from mutational Th 
events (Table 1). From each of the cultures a 
representative adapted colony was selected, purified § P!0V! 
by streaking and was maintained in stock on the Rie 
medium free from sodium chloride. - ‘a 
in 
Table 1. INcipmNoR OF SODIUM CHLORIDR-INDEPENDENT CBLi I with 
RIGINAL CULTURES AND STABILITY OF ADAPTED STRAINS comp 
unex 
| Incidence of sodium Percentage of adapted cells A usual 
Culture | chloride-independent cells reverting after gro’ ‘ | 
| in unadapted cultures* in sodium chloridet 10ns | 
oi 13 x 10-# 68-0 u, 0 
hed gages a rs 
IV 3-4 x 10°" 996 ond 
|B water 
* Incidence is calculated as the ratio of the viable count obtaine § ‘Deir 
on the medium lacking sodium chloride to that obtained on th they 
medium prepared with 1 complete. synthetic sea water. to pe 
+ Values are the pe of cells not capable of forming colonies 
in the absence of sodium C oride, grow! 
prepa 
The adapted strains were osmotically less fragile hypot 
than were the original cultures, although some lysis 





still occurred when the cells were suspended in 
distilled water. This residual fragility was not 
surprising since the medium retained a relatively high 
salt content despite the omission of sodium chloride. 
As would be expected, growth in media lacking 
sodium chloride was better with the adapted forms 
(Table 2). All the adapted strains were able to grow 
in media prepared with distilled water, although the 





Table 2. OSMOTIC FRAGILITY AND GROWTH IN SODIUM CHLORIDE-FREE 
MEDIA OF ADAPTED AND UNADAPTED CULTURES 





























Per cent lysis in distilled | Growth in sodium chlor- 
water* ide-free mediumt } 
| Culture 
Unadapted | Adapted | Unadapted | Adapted Tn 
| a | & | # | oi | oe |e 
| 1 “ ‘ nid; 
Il 57 29 0-02 0:30 studie 
IV 56 28 0-01 | 0-35 are w 
allele. 
* Per cent lysis is the percentage reduction in optical density § tubes 
resulting when a standardized heavy suspension in sea water is ted barrie 
100 times in distilled water. The standard of comparison is 4 §' 
dilution in sea water. seeds 
aidan —— recorded are optical densities of the cultures after subjec 
Optical densities were measured by means of a Bausch and Lom & Studie 





‘Spectronic’ 20. 
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initial colonies had apparently been unable to de- 

yop in such media. Thus it appeared that strains 

which had grown in the absence of sodium. chloride 

had developed the additional capacity of growing in 

media prepared with distilled water. All the strains 

when grown in such media produced green or blue- 
m water-soluble pigments. 

If the adaptation to non-dependence on sodium 
chloride in these isolates resulted from the selection 
of mutants, then logically the adapted character 
should be retained after being grown in the presence 
of sodium chloride. Accordingly, the adapted cells 
were grown in media prepared with sea water and 
were then tested for reversion. All but one of the 
cultures indicated some degree of reversion to the 
wild form, and in two cases it was quite marked 
(Table 1). This was reflected in the osmotic and 
growth properties of the cultures as well as a reduced 
percentage of cells independent of sodium chloride 
in the culture. These changes occurred during a 
single cultivation lasting 12 hr. The terminal cell 
population was about 107° cells/ml. An obvious 
difficulty exists in the interpretation of these results, 
since the inclusion of sodium chloride in the medium 
was probably as rigorous & selecting force as was its 
omission. 

The observations suggest, although by no means 
prove, that cultures of marine bacteria contain 
mutant individuals capable of developing in the 
absence of sodium chloride. Such cells are not able 
to initiate growth in the nutrient media prepared 
with distilled water, but require some other mineral 
component of sea water. For some reason as yet 
unexplained, the osmolysis of many marine bacteria 
usually does not occur in the presence of magnesium 
ions in the concentrations found in sea water‘ (that 
8,005 M). As a possibility, it is suggested that such 
mutants growing in sea water media, although geno- 
typically capable of growing in the absence of sea 
water, are phenotypically osmotically fragile. For 
their development in the absence of sodium chloride 
they must grow in the presence of magnesium ions 
to permit the initial maintenance of the cells. Once 
grown, such cells have the ability to develop in media 
prepared with distilled water. The testing of this 
hypothesis is planned. 

D. B. Pratt 


= G. WappEt1* 

University of Florida, 

Gainesville. Jan. 19. 

*Present address: Department of Microbiology, University of 
Miami, Coral Gables. 
*ZoBell, C. E., and Michener, H. D., Science, 87, 328 (1939). 
*MacLeod, R. A., and Onofrey, E., J. Bact., 71, 661 (1956). 
*Doudoroff, M., J. Gen. Physiol., 28, 585 (1940). 
‘Pratt, D. B., and Riley, W. H., Proc. Amer. Soc. Bact., 26 (1955). 


GENETICS 


Homozygosity and S Gene Mutation 


Tae S locus governing gametophytic self-incom- 
patibility in plants is particularly suited to mutation 
studies. Pollen grains having an unmutated allele 
are unable to grow through a style carrying the same 
allele. In contrast ‘mutant’ grains produce pollen- 
tubes which may overcome the incompatibility 

ier. Thus, mutation can be scored simply as 
seeds produced in normally sterile matings, and then 
subjected to confirmation by progeny phenotypes. 
Studies of S locus mutations have been confined to 
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heterozygous plants** as homozygotes are difficult 
to obtain in many species. Since pollen S phenotype 
is a gametophytic character, it has been implied that 
mutation frequencies of alleles in homozygous plants 
would simply reflect those of alleles in the correspond- 
ing heterozygotes. The present study does not 
support this postulate. 

Five S alleles (S,, S,...S,;) in Petunia inflata L. 
were assembled into the corresponding five homozy- 
gotes and ten heterozygotes at both 2n- and 4n-levels. 
Homozygotes are obtained readily in this self-incom- 
patible species by self-pollination of young buds prior 
to S gene action in the style. Results will be reported 
for the five 2n homozygotes and three of the 2n 
heterozygotes—S,S,, S,S,; and S;S,. Two or more 
plants were used of each genotype, where possible, 
comprising a total of 16 different plants and their 
clonal propagants. X-rays were delivered to flowers 
and buds of pollen-parent plants at 250 kV., commonly 
with a filter of 1/4 mm. copper and 1 mm. aluminium. 
Pollinations were made exclusively with unirradiated 
flowers as females, since appreciable ovular damage 
occurred in flowers treated pre-meiotically (54 per 
cent abortion at 500 r., 88 per cent at 1,000 r.). 
Plants were grown and pollinations entirely made in 
bee-free control chambers at 22-5° C. Results are 
summarized as proportions of incompatibly pol- 
linated flowers which produced seed-containing pods. 
Incompatible matings included both self- (for example, 
SS, x S,S,) and cross-pollinations (for example, 
SiS, x 8,8,). 

A most impressive feature of the results was the 
differential response of homozygous and heterozygous 
clones (Table 1). Homozygous plants rarely set seed 
in incompatible matings (about 1 seed per 100,000 
viable pollen grains), whether irradiated or untreated. 
In contrast the heterozygotes produced seed-con- 
taining pods in 6-8 per cent of the incompatible 
matings of untreated males and up to 42-0 per cent 
of those with X-rayed males (Table 1). No significant 
differences were observed among genotypes within 
either group. An average of 5-1 seeds per pod was 
obtained from the 286 selfed pods on treated and 
untreated heterozygotes, while compatible crosses on 
the same plants ranged from 180 to 240 seeds per pod. 
The proportions of seed-containing pods on hetero- 
zygous plants varied greatly depending on the time 
of treatment (Table 1). However, there was no 
significant variation with time among X-rayed 
homozygous flowers (heterogeneity y? = 9:2, P= 
0-30). Meiosis occurred about ten days prior to 
anthesis (range 9-11 days). 

Buds treated after meiosis did not differ sig- 
nificantly from the controls in mutation output, in 
accord with Lewis’s observations’. The low S 
mutability of such post-meiotic buds on heterozygous 

















Table 1. PERCENTAGES OF INCOMPATIBLY POLLINATED FLOWERS 
WHICH PRODUCED SEED-CONTAINING Pops 
Heterozygotes Homozygotes 

Percentage No. of Percentage No. of 

Days* pod set flowers pod set flowers 
Control 6-8 147 0:3 250 
< 6 6-1 82 1°4 140 
7-8 10:7 131 | 3-2 62 
9-10 22-2 265 | 0-5 211 
11-12 32-0 | 256 0°38 255 
13-14 42-0 157 0-8 239 
15-16 26-4 140 0-5 200 
17-18 10-0 70 1:7 182 
19-20 18-2 77 0-0 82 
> 21 6-4 78 0-0 100 




















{ 
* Number of days from X-irradiation to anthesis, 
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plants has been interpreted to indicate that S gene 
action occ immediately following meiosis*. 
However, this low mutability in post-meiotic haploid 
cells would be accounted for if a major proportion of 
S mutation somehow depends on S allelic hetero- 
zygosity within the target cell. This sheds doubt 
on the validity of employing S mutation frequencies 
(in heterozygotes) to define the time of S gene action. 
An alternative argument is that S gene action in the 
pollen occurs as late as the second mitotic division— 
a timing which could account for the difference in 
place of inhibition of bi- and tri-nucleate grains. 

The following mutation frequencies per million 
viable pollen grains were calculated from the data 
(11-12 days prior to anthesis is +pre-meiotic inter- 
phase): 9-9, homozygote control ; 21-4, homozygote 
—1,000 r. at 11-12 days ; 84-0, heterozygote control ; 
1,320-0, heterozygote—1,000 r. at 11-12 days. 

These values may serve as rough indices of muta- 
tion-rates. Variables influencing these calculations 
include: (a) the number of pollen grains, which 
ranged from 1,800 to 4,500 per pollination for the 
clones used; (6) pollen viability in vitro, which 
dropped to 46 per cent of control-rates in flowers 
treated between 9 and 16 days with 1,000 r. In 
addition : (c) seed sets averaged 3-0 for control pods, 
while pods from heterozygotes treated at 9 days or 
less averaged 3-0 seeds, from 9 to 14 days averaged 
5-0 seeds and for greater than 14 days, 6-4 seeds. 
Finally (d) of the 36 ‘mutant’ progeny grown approx- 
imately two-thirds have reacted as S mutants. 

Twelve of these mutants studied have shown 
part inactivation of pollen, a phenomenon which led 
Lewis* to postulate that the S locus is bipartite with 
separable pollen and stylar units. One other mutant 
plant was of particular interest, for it reacted as if 
the mutant allele was a cross-over recombinant with 
the pollen activity of gene S, and the stylar activity 
of allele S,. 

These observations could be interpreted to suggest 
that the relatively high S mutability of heterozygous 
cells may occur as a result of genetic interchange. 
Equal crossing-over or gene conversion would be 
expected to produce mutants only in S heterozygotes, 
a significant possibility if the locus is a pseudoallelic 
aggregate or @ composite of separable sub-units. 
Alternatively, if the S locus comprises synaptically 
equivalent stylar- and pollen-units, unequal crossing- 
over could lead to part mutation of pollen in hetero- 
zygotes by assembling on the same chromosome two 
alleles or pollen-units which interact by competition 
in the pollen (competition interaction leading to full 
self-fertility occurs in all ten heterogenic pollen classes 
of tetraploids derived from the heterozygous diploids 
studied). Unequal crossing-over also would produce 
partly deficient pollen gametes in both homozygous 
and heterozygous plants. It is hoped that a detailed 
investigation of mutant alleles will shed light on the 
relative significance of these events. 

This investigation was conducted at Brookhaven 
National Laboratory under the auspices of the U.S. 
Atomic Energy Commission. 


J. L. BREWBAKER 
N. SHAPIRO 


Brookhaven National Laboratory, 
Upton, New York, 1. 
Jan. 30. 
1 Brewbaker, J. L., J. Hered., 48, 271 
* Lewis, D., Heredity, 3, 339 (1949). 
* Lewis, D., Heredity, 5, 399 (1951). 
‘Pandey, K. K., Genetics, 41, 327 


(1957). 


(1956). 


NATURE 


April 25, 1959 VoL. 183 


Possibility of Assortive Mating in the Arctic 
Skua 


Data have recently been collected in Caithnes 
and Shetland on the numbers of the different mating 
types, dark x dark, dark x pale and pale x pale, of 
the colour phases of the Arctic skua, Stercorariys 
parasiticus. Although on Fair Isle intermediates, 
very similar to darks, are recognized ; in the remainder 
of these data, this distinction is not made : for this 
reason, the intermediates in the Fair Isle datu have 
likewise been added to the darks. 

The observations at present available are given in 
Table 1, together with the date and names of ¢ol- 
lectors. The Fair Isle data were extracted directly 
from the record books there. 


Table 1 
x D Dix P Pxp 
bic :F > 1954-58 (Williamson, K., and 


8, P. 34 10 

Fouls “Y048 (Venables, L. 8. V., and 
Venabl les, U. M. (ref. 1) ) 7 

Unst, 1948 (Venables, L. 8. V. ,and Ven- 
ables, U. M. (ref. 1) ) 15 

Yell and Fetlar, 1948 (Yeates, G. K. 
(ref. 2) ) 25 
Noss, 1946 (Perry, R. ioe 3)) 9 
Caithness, 1953 ( ennie, at (ref. 4) ) 1l 
101 


Totals 





175 
D, dark: P, pale 


In the Caithness data, the single pale x pale 
mating was described as a pale x intermediate pair. 
The description of the intermediate, however, showed 
that this bird was in fact what would have been 
called a ‘dusky’ pale at Fair Isle. This means that 
the neck and belly are cream rather than white ; but 
these matings have always produced apparently 
normal pale-phased chicks and are thus included 
with the pales: what are called ‘intermediates’ at 
Fair Isle lack the pale belly. 

In the analysis given in Table 2, 2 x 2 contingency 
tests of independence have been employed: x? for 
one degree of freedom with Yates’s correction has been 
calculated. 


Table 2 


Locality a 
Yell and Fetlar 00078391 
Noss 504175 
027320 


Locality xz 


Fair Isle 1-99177 
Foula 0-028800 


Unst 0-79781 
Total data 


Caithness 
534064 (deviation x) 


The x? value calculated for all the data is thus 
found to be significant at just above the 2 per cent 
level. It is therefore important to test whether any 
significant heterogeneity is present. By summing 
all the separate x’ values, X*total for 6 degrees of 
freedom is found to be 8-1412. The heterogeneity 
x is now obtained by subtracting x*deviation from 
X* total: We thus find, 


x'net. (5 degrees of freedom) = 2-8005 


This value clearly does not approach significance. 

The conclusion to be reached from these results is 
that a strong possibility of a departure from random 
mating among the phases of the Arctic skua exists: 
a significant excess of like over unlike matings is 
present, thus indicating a tendency towards homo- 
gamous mating. 

It is interesting to speculate on the advantages to 
be gained from this tendency towards homogary. 
Fisher® says of homogamy in man: “Its pr incipal 
biometric effects seem to be to increase the genetit 
variance produced by a given number of Mendelian 
factors with given gene ratios, and so to increase in 
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4 fixed proportion the intensity of the selection to 
which each is exposed’’. In this sentence, Fisher is, 
of course, discussing quantitative variation. It would 
gem likely, however, that homogamy involving major 
genes Will act in @ similar manner by affecting the 
modifiers of these genes and thus increasing the 
variability of the expression, especially of the hetero- 
zygote. This must lead to a more rapid evolution 
of dominance: indeed, at Fair Isle, it has been noted 
that dark appears to be semi-dominant. 

Fisher also suggests that the causes of homogamy 
are scarcely to be distinguished from those which, in 
wxual preference, produce direct selective effects. 
Sexual preference might have evolved directly, by 
the lessening of competition among the more variable 
families ; but there also appears to be the possibility 
of the evolution of sexual preference by a form of 
sexual selection. On Darwin’s theory of sexual 
slection in monogamous birds, Fisher® says: “He 
(Darwin] supposes in effect that there is a positive 
correlation in the females between the earliness with 
which they are ready to breed, and the numbers of 
offspring they rear, variations in both these variates 
being associated, as Darwin suggests, with a higher 
nutritional condition. Whether this is so in fact it 
is difficult to say, but it should be noted that the 
dates of the breeding phenomena of a species could 
only be stabilized if birds congenitally prone to breed 
early did not for this reason produce more offspring. 
The correlation required by Darwin’s theory must 
be due solely to non-hereditary causes, such as 
chance variations of nutrition might supply. Whether 
or not there is such a correlation, it would seem no 
easy matter to demonstrate’’. 

If the sexual preference in question were cor- 
related with early breeding, then clearly the evolution 
of this preference would prove fairly rapid. On the 
other hand, if no such correlation were initially 
present, sexual selection might still result in the 
enhancement of the sexual preference. The early 
females must have a wide choice of mates not only 
in respect of preference for like-phased matings but 
also for characters like quality of display, physique, 
n Other plumage characteristics. Thus, though it 
is true that if the proportion of females tending to 
homegamy is the same in late as in early breeding 
birds, then the same proportions in the phases of the 
males will be available to the late as well as the early 
lemales : yet, the males left for the late females may 
be deficient in other respects, thus leaving the late 
females with a more limited choice of mates ; more- 
over, random fluctuations in the numbers of the 
different phases must further cut down the choice. 
This theory demands that there should be congenital 
Variations in the sexual preference in relation to 
breeding time. It should be noted that in the Arctic 
skua, birds generally pair for life—divorces are fairly 
tare—and so this form of selection must be much 
‘lower than in @ species in which new pairs are 
formed each year. 


P. O’DONALD 


Department of Genetics, 
University of Cambridge. 
Feb. 14. 


‘Venables, L. S. V., and Venables, U. M., “Birds and Mammals of 
val Shetland” (Edinburgh, 1955). 
=. G. K., “Bird Haunts in Northern Britain” (London, 1948). 
me R., “Shetland Sanctuary” (London, 1948). 
a I. D., Brit. Birds, 46, 105 (1953). 
= R. A., “The Genetical Theory of Natural Selection’, 1st 
id 2nd edit. (Oxford and New York, 1930 and 1958). 
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Recoverable Lethal Mutations in Drosophila 
Sperm 


In an experiment with fractionated irradiation of 
Drosophila melanogaster males Liining and Hannerz! 
showed that there was induced the same rate of 
chromosome breaks at anoxia as in air, but that there 
was a recovery after irradiation at anoxia which, 
however, could be blocked by a fraction of irradiation 
in air. Liining and Séderstrém* extended these 
observations to sex-linked recessive lethals and 
concluded that there existed a similar recovery 
process among this type of mutations as among 
chromosome breaks. 

Irradiation at anoxia induced changes which 
could either result in a recessive lethal mutation or 
reversion to a non-lethal state which could not be 
distinguished from the original state. If a second 
fraction of irradiation was given in air within 15 min. 
after the treatment at anoxia the recovery process 
was blocked and a rate of recessive lethals was 
obtained equal that when the whole of the dose was 
given in air. 

In a paper presented to the second Geneva Con- 
ference on the Peaceful Uses of Atomic Energy, Liining 
showed that the recovery of chromosome breaks could 
be blocked if the second fraction (in air) was given 
within 30 min. but not when given on later occasions. 

From these results it was concluded that the recov- 
ery occurred between 30 and 40 min. after irradiation, 
and when it had recovered the subsequent irradiation 
in air had no influence. 

A similar analysis using recessive lethals would be 
of great interest. First, the question arose whether 
there could be determined a time within which 
recovery occurred. The establishment of such a 
borderline should also give a proof of the existence 
of recoverable mutation processes. Secondly, it was 
desirable to know whether this borderline agreed 
with that obtained from chromosome breaks. 

In order to study this, the conventional Muller—5 
technique was used. 3-4 days old cv:sc§Y males 
were given nitrogen for 15 min. before and during the 
treatment (5 min. = 2,750 r.). The males were then 
divided into four groups. After varying intervals, 
they were irradiated in air (3 min. = 1,650 r.). The 
intervals were chosen to test agreement with the 
recovery process in chromosome breaks, namely, 15, 
30, 40 and 50 min. The males were mated for 6 hr. 
The females were then allowed to oviposit for two 
three-day periods. The procedure was then the 
conventional one. The criterion on lethality has been 
at least 12 M5 males but no cv males. Some cultures 
were analysed also in F's. 

Four repeats were made which gave consistent 
results and for that reason are combined in Table 1. 

As is seen from Table 1 the series falls into two 
groups with the borderline between 30- and 40-min. 
intervals, which agrees with that from chromosome 
breaks. Furthermore, the two series with intervals 
15 and 30 min. are consistent and significantly higher 
than the series with 40 and 50 min. interval. This 
result is in agreement with the expectancy if the 














Table 1 

Interval | Recessive lethals | Tested Recessive lethals 
X-chromosomes (per cent) 

15 min. 222 | 2,154 10-3 

30 min. 220 2,026 10-9 

40 min. 161 2,049 79 

50 min. | 172 2,192 | 7:8 
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recovery of potential recessive lethals occurred 
between 30 and 40 min. after irradiation at anoxia. 
The establishment of this borderline may be taken 
as a proof that there may exist recoverable mutations, 
although it does not give any information about the 
ratio of mutations which has this possibility. 

K. G. Liintne 

H. O. HENRIKSSON 

Institute of Genetics, 
University of Stockholm. Feb. 11. 

* Lining and Hannerz, Hereditas, 43, 549 (1957). 
* Lining and Séderstrém, Hereditas, 43, 563 (1957). 


PSYCHOLOGY 


Effects of Independent Variations in Stimulus 
and Response Probability 


THE time taken by human beings to react to one 
of a number of possible signals increases with the 
number of alternatives involved. 
jointly varying stimulus and response uncertainty 
have been long known and adequately discussed’.’. 
In the present investigation these were varied 
independently, by using situations where the same 
response was required for a number of stimuli. The 
number of responses, and the ratio of response/stimuli 
were varied. 

Card sorting was used as a convenient task for a 
pilot study. The subject turned and dealt cards from 
packs held in the non-dominant hand, on to a number 
of piles. Each pile represented a group of stimuli to 
which the same response was required. The stimuli 
were letters and figures (72 point) stencilled on the 
ecards in indian ink. Packs were made up for each 
condition, so as to vary the number of different 
symbols for each pile; the number of piles was of 
course constant for each condition. 

Four conditions of response uncertainty were used, 
four packs for each condition being employed. In 
one condition packs were to be sorted into two piles, 
there being one, two, four and eight symbols per pile. 
Cards were sorted into letters, or figures. 

The other conditions used four, six and eight piles, 
with response/stimulus ratios of 1/1, 1/2, 1/3 and 1/4 
in each case. Ten subjects were tested on condition 
one, and a fresh batch of twelve on condition two. 
Four trials were given on each pack (that is, each 
response/stimulus ratio). A third batch of nine 
subjects was used on the six- and eight-pile conditions. 
Six of these had eight trials with each pack; the 
remaining three had sixteen trials with each pack. 
Sorting time was taken with a stop-watch. Packs 
were given in random order. For the first sortings 
in each condition, but never afterwards, indicator 
cards were attached to the boxes into which the 
cards had to be sorted. The order of the boxes from 
left to right was varied randomly for each subject. 
Subjects were students at a teachers’ training college, 
and female shop assistants. No significant differences 
appeared between these groups. 

The results of these tests are shown below. In 
condition one there was a marked significant increase 
in time between pack I and pack II. Times for 
packs ITI, III and IV did not differ. In condition 
two the results were similar. In condition three the 
most striking difference remains that between packs I 
and II. There is a non-significant difference between 
packs II and III, and a significant (P < 0-02) 
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Fig. 1. a,2-pilecondition ; 6, 4-pilecondition ; c, 6-pile condition; 

d, 8-pile condition. Decision time/card was obtained by sub- 

tracting mean movement time, obtained individually for each 
subject, from the mean sorting time for each condition 


increase between pack III and pack IV. In the 
fourth condition there are highly significant differences 
between all packs. The most striking is that between 
pack I and pack II. The results of the three practised 
subjects on the last conditions were of the same 
pattern. 

In the last three conditions digits had been sorted 
into two of the piles. It was felt that the results 
might have been partly explained by the diminishing 
effect of the figures/letters dichotomy as the number 
of piles increased. Accordingly, the two- and four-pile 
conditions were repeated on six subjects practised in 
earlier trials using letters only. After eight trials on 
each pack in both conditions, the results showed the 
same pattern as the earlier tests. The increased 
practice necessary suggests that the figure/letter dicho- 
tomy had been used by the subject in earlier tests. 

The results were still open to the interpretation 
that, despite the precaution of giving packs to the 
subjects face down, a small increase in reaction time 
with increase of stimuli/response was masked by 
subjects ‘taking up the slack’, and overlapping 
movement and decision-time to some extent. A 
choice reaction-time apparatus was used for inves- 
tigating this, push buttons representing piles, and 
stimuli being projected on to a screen before the 
subject. Individual reaction-times were measured 
with a ‘Dekatron’ timer. Six subjects were used on 
the two-pile condition (letters/figures) and four on 4 
four-pile condition (2 letters/figures, 2 letters only). 
The results gave the same pattern as the card sorting 
tests. In the four-pile condition considerable practice 
was necessary (500 presentations for each response) 
stimulus ratio) before this pattern emerged. 

These results suggest that there are certain limits 
within which the response-time to groups of stimuli 
is dependent on the number of possible responses, 
rather than on the number of different alternative 
stimuli to which each response is to be made. 

This work was carried out under a Department of 
Scientific and Industrial Research studentship, and 
the supervision of Mr. D. E. Broadbent. 

Pp. M. A. Rassiit 
Psychological Laboratory, 

University of Cambridge. Feb. 3. 
 Quastler, H., “Information Theory in’Psychology” (Illinois, 1985). 
* Hick, W. E., Quart. J. Exp. Psychol., 4, 11 (1952). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public) 


Monday, April 27 


INSTITUTE OF ACTUARIES (in Staple Inn Hall, High Holborn, 
[ondon, W.C.1), at 5 p.m.—Mr. 8. Benjamin: “The Theory of Games 
and Its Application to the Rate of Interest’. 

ROYAL GEOGRAPHICAL Soorgty (at 1 Kensington Gore, S.W.7), at 
5pm.—Mr. E. M. Yates: “Dating the Cultural Landscape, with 
Examples Drawn from West Sussex’’. 

INSTITUTION OF ELECTRICAL ENGINEERS, ‘RADIO AND TELECOM- 
MUNICATION SECTION (at Savoy Place, London, W.C.2), at 5.30 p.m. 
—Mr. @. F. Swann: “The Field Strengths Required for the Reception 
of Television in Bands I, III, IV and V”’. 

University COLLEG® (in the Anatomy Theatre, Gower Street, 
london, W.C.1), at 5.30 p.m.—Prof. O. Heckmann (Hamburg Observa- 
tory): “Newtonian Cosmology”’.* 

Usiversity OF LONDON (at Bedford College, Regent’s Park, London, 
N.W.1), at 5.30 p.m.—Prof. J. Himmerling (Max-Planck-Institut 
fir Mseresbiologie, Wilhelmshaven): ‘‘Some Problems of Cell-Physio- 
logy with sp3cial reference to Studies on Acetabularia”.* (Further 
lectures on April 28 and 29.) 

RoYaL ABRONAUTIOAL Sooretry (at the Institution of Civil Eng- 
ineers, Great George Street. London, S.W.1), at 6 p.m.—Lecture on 
“The Riectronics of Guided Missiles”. 

RoyaL Soorrty oF ARTS (at John Adam Street, Adelphi, London, 
W.C.2), at 6 p.m.—Prof. J. J. Vincent: ‘Research in Cotton”. 
(cond of three Cantor Lectures. Further lecture on May 4.) 


Monday, April 27—Thursday, April 30 


CORROSION EXHIBITION (at the Horticultural Hall, Westminster, 
London, S.W.1).* 


Tuesday, April 28 


INSTITUTION OF CHEMICAL ENGINEERS (at the Park Lane Hotel, 
Piccadilly, London, W.1) at 10.45 a.m.—Annual General Meeting. 


__ UNIVERSITY OF LonDON (in the Large Lecture Theatre, Royal 
College of Science, Imperial Institute Road, London, 8.W.7), at 
5.30 p.m.—Prof. W. Lochte-Holtgreven (University of Kiel): “Light 
Emission Associated with Formation of Negative Ions”. (First of 
three lectures on “Spect oucopic and Magnetic Studies of Thermally 
Excited Plasmas”. Further lectures on May 1 and 4 

NSTITUTION OF MROHANICAL ENGINEERS, EDUCATION GROUP (at 
1 Birdcage Walk, Westminster, London, S.W.1), at 6 p.m.—Discussion 
on “Extended University Courses for the Better Graduate”. 

SoolkTY OF INSTRUMENT TROHNOLOGY (at Manson House, Portland 
Place, London, W.1), at 6 p.m.—Mr. M. EB. F. Howarth and Mr. B. P. 
Watt: “Measurements in the Photographic Industry”. 

BRITISH INSTITUTION OF RADIO ENGINEERS, MEDICAL ELECTRONICS 
Group (at the London School of Hygiene and Tropical Medicine, 
Keppel Street, Gower Street, London, W.C.1), at 6.30 p.m. Prof. G. 
Causey and Mr. R. S. Page: Two papers on ‘‘Blectron Microphony”. 

SooleTy FOR ANALYTICAL CHEMISTRY, PHYSICAL METHODS GROUP 
(at the Brunel College of Technology, Woodlands Avenue, Acton, 
london, W.3), from 6.30 p.m. to 9 p.m.—Demonstration of Labora- 
‘ory-Made Equipment. 


Wednesday, April 29 


GROLOGICAL Soorgry OF LONDON (at Burlington House, Piccadilly, 
London, W.1), at 3 p.m.—Annual General Meeting. Dr. C. J. Stubble- 
feld, F.R.S.: “Bvolution in Trilobites” (Presidential Address). 


UNiveasity CotnEam (in the Anatomy Theatre, Gower Street, 
london, W.C.1), at 5.30 p.m.—Prof. O. Heckmann (Hamburg Observa- 
‘ury): “Some New Aspects of Relativistic Cosmology”.* 

. HALLENGER Soormry (at the Linnean Society, Burlington House, 
fonililly. London, W.1), at 5.45 p.m.—Annual General Meeting, 
pdf Dr. @. S. Carter: “The Conditions of Evolution in the 


, Borat INSTITUTION (at 21 Albemarle Street, London, W.1), at 
* P..—Mr. G. de Q. Robin : “Antarctic”. 


Wednesday, April 29—Thursday, April 30} 


{ssmrorion OF ELECTRICAL ENGINEERS (in conjunction with the 
Woee NUCLEAR ENERGY CONFERENOR, at Savoy Place,- London, 
€.2.—Convention on “Thermonuclear Processes”. 


Thursday, April 30 


Pr Socrsty (at Burlington House, Piccadilly, London, W.1), 
Bue; p.m.—Mr. R. L. F. Boyd and Mr. N. D. Twiddy: ‘Electron 
Tae’, Distributions in Plasmas”; Mr. R. L. F. Boyd and Mr. J. B. 
P mpson: “The Operation of Langmuir Probes in Electro-Negative 


ESMTorE OF INFORMATION Sorsnrists (at the Berners Hotel, 
Ada nei Street, London, W.1), at 6 p.m.—Symposium on “The 
Neeled r ity of Experience—an Inquiry into the Subject Qualifications 
§ or Information Work”. Chairman: Mr. L. J. H. Haylor. 
ae; Miss I. M. Slade, Mr. A. Gordon Foster, Mr. C. W. Hanson 

t. F. Newby. 





INstirorion or ELECTRONICS (in the As: 

} sembly Hall of the Univer- 

— pt London Institute of Education, Malet Street, London, W.C.1), 
‘M.—Mr. G. H. Byford : “Measurements in Aviation Physiology”. 
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UNIVERSITY oF LONDON (at the Swanley Hall, Withersdane, Wye 
College, near Ashford, Kent), at 8.15 p.m.—Dr. I. A. Galloway: 
Pens Advances in the Study and Control of Animal Virus 

seases”’. 


Friday, May | 


BRITISH PSYCHOLOGICAL SOCIETY, OCCUPATIONAL PSYCHOLOGY 
SECTION (in the Department of Psychology, Birkbeck College, Malet 
Street, London, W.C.1), at 1 p.m.—Mr. John Annett : “Problems of 
Training”. 

ANTIQUARIAN HOROLOGICAL Soorety (at the Science Museum, 
London, S.W.7), at 7 p.m.—Annual General Meeting. 


Saturday, May 2 


ASSOOIATION OF AGRICULTURE (at Senate House, University of 
London, W.C.1), at 10 a.m.—Conference on “Further Aspects of 
Animal Physiology”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 

ASSISTANT LECTURER (with a degree in botany with some zoology) 
IN BloLoagy—The Registrar, University College of North Stafford- 
shire, Keele, Staffs (April 30). : 

ASSISTANT LECTURER (preferably with special interests in economic 
geography and statistics) IN THE DEPARTMENT OF GEOGRAPHY—The 
Registrar, The University, Leeds (May 1). 

ASSISTANT LIBRARIAN (CHARTERED LIBRARIAN)—The Establish- 
Raa — Society of London, Regent’s Park, London, 
N.W. ay 1). 

LECTURER (with a good honours degree and preferably special 
qualifications in servo-mechanisms applied to electrical machines) 
IN ELECTRICAL ENGINEERING—The Registrar, King’s College (Univer- 
sity of London), Strand, London, W.C.2 (May 1). 

ASSISTANT LECTURER (with a good honours degree in psychology 
and preferably some experience of teaching and research) IN THE 
DEPARTMENT OF PsycHOLOGy—The Registrar, The University, 
Leeds 2 (May 2). 

EXPERIMENTAL OFFICER or ASSISTANT EXPERIMENTAL OFFICER 
(with analytical experience) IN THE TECHNICAL CHEMISTRY DEPART- 
MENT, to work on problems connected with grass and milk—The 
Secretary, The Hannah Dairy Research Institute, Kirkhill, Ayr, 
Scotland (May 2). 

LEOTURER IN Paysios AND/oR CaEMIStTRY—The Principal, Borough 
Road College, Isleworth, Middlesex (May 4). 

SENIOR SCIENTIFIO OFFICER (with a science degree of a university 
in the United Kingdom with passes in biochemistry, sneer, botany, 
etc., and preferably five years experience in serology in the Health 
Service basic grade of Scientific Officer)—The Director, Regional Blood 
Transfusion Centre, Churchill Hospital, Headington, Oxford (May 2). 

LEOTURER IN PaysioLoay—The Registrar, King’s College (Univer- 
sity of London), Strand, London, W.C.2 (May 4). 

ASSISTANT LECTURER (with a good honours degree in zoology and 
special interests in parasitic protozoa) IN ZooLoay—The Registrar, 
King’s College (University of London), Strand, London, W.C.2 (May 5). 

LECTURER IN BIOCHEMISTRY—The Registrar, King’s College 
(University of London), Strand, London, W.C.2 (May 7). ; 

LECTURER (with a pee honours degree and preferably a special 
interest in the field of numerical analysis) IN APPLIED MATHEMATICS 
—The Registrar, King’s College (University of London), Strand, 
London, W.C.2 (May 7). 

ASSISTANT LECTURER (preferably with a special interest in system- 
atic botany) IN BOTANY, and a TUTORIAL ASSISTANT IN GEOLOGY— 
The Registrar, University College of Wales, Aberystwyth (May 8). 

LECTURER or an ASSISTANT IN THE DEPARTMENT OF MATHEMATICS 
—tThe Secretary, The University, Aberdeen (May 9). 

LECTURER or ASSISTANT LECTURER (VETERINARY SURGEON) IN 
VETERINARY PATHOLOGY—The Secretary, Royal Veterinary College 
(University of London), Royal College Street, London, N.W.1 (May 9). 

RESEARCH FELLOW IN THE DEPARTMENT OF CHEMISTRY, for work 
on heterogeneous catalysis—Prof. C. Kemball, The Queen’s University, 
Belfast (May 9). 

SENIOR LECTURERS (with a good university degree in requisite 
subject, considerable postgraduate experience in research and/or 
teaching, and conversant with tropical work in the appropriate subject) 
IN (a) HORTICULTURE, (b) ANIMAL HUSBANDRY and (c) POULTRY 
HusBANDRY at Kumasi College of Technology—The Council for 
Overseas Colleges, 12 Lincoln’s Inn Fields, London, W.C.2 (May 11). 

LECTURER IN EDUCATION, and ASSISTANT LECTURERS IN BI0- 
CHEMISTRY AND PHyYsIoLOGy—The Registrar, University College of 
South Wales and Monmouthshire, Cathays Park, Cardiff (May 14). 

RESEARCH DEMONSTRATORS IN PHyYsI¢s, ZOOLOGY, GEOLOGY and 
MINING; and a RESEARCH ASSISTANT IN ENGINEERING—The Regis- 
trar, University College of South Wales and Monmouthshire, Cathays 
Park, Cardiff (May 14). 

LECTURER (preferably with qualifications in the comparative 
physiology of invertebrates), and an ASSISTANT IN THE NATURAL 
ae iD DEPARTMENT—The Secretary, The University, Aberdeen 

ay 15). 

RESBAROH ASSISTANT (PaysicaAL Cammist), for work with organo- 
metallic compounds—The Secretary, The University, Exeter (May 15). 

RESEARCH Ws (2) IN THE DEPARTMENT OF MEDICAL CHEM- 
IstRY, John Curtin School of Medical Research, Australian National 
University—The Secretary, Association of Universities of the British 
Commonwealth, 36 Gordon Square, London, W.C.1 (Australia, May 31). 

BIOcHEMIST, Scientific Officer or Senior Scientific Officer grade 
(with a first- or second-class honours degree in biochemistry, and 
preferably postgraduate experience), to work on biological methods 
of preparing organic compounds labelled with radioactive isot 
Ed een Officer, Radiochemical Centre, U.K.A.E.A,, Ame m, 

jucks. 
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DEMONSTRATORS, INSTRUCTORS and ASSISTANT PROFESSORS IN 
THE DBSPARTMENT OF Puysics, University of British Columbia, 
Vancouver—Dr, G. M. Shrum, i British Columbia House, 1-8 Lower 
Regent Street, London, .W.1 

LABORATORY TECHNICIAN (with bacteriological or virological 
experience), for virus research—The Medical Superintendent, Common 
Cold Research Unit, Harvard Hospital, Salisbury, Wilts. 

LECTURER (physicist with experience in X-ray crystallography, a 
knowledge of electronics and control mechanisms, and pre erably 
previous experience in the rubber field) IN RUBBER PHYSICS—The 
Clerk to the Governors, National College of Rubber Technology, 
Northern Polytechnic, Holloway Road, London, N.7. 

MASTER TO TEACH MATHEMATICS up to university scholarship 
iia Headmaster, Framlingham College, Framlingham, 
Suffolk. 

MASTER TO TEACH Puysics to advanced level—The Headmaster, 
Malvern College, Worcestershire. 

MATHEMATICS TUTOR (honours graduate in mathematics), to prepare 
to University of London degree standard—The Science Director, 
University Correspondence College, Burlington House, Cambridge. 

RESEARCH Puysicist (preferably with experience in the use of 
ultra-high vacuum systems or in the chemical physics of surfaces) 
IN THE DEPARTMENT OF Puysics, for work which will involve electrical 
measurements applied to the study of surface contamination processes 
on semiconductors—The Professor of Physics, University of Reading, 
Physics Research Laboratories, Upper Redlahds Road, Reading. 

SCIENTIFIC ASSISTANT (ABSTRACTOR) (with a degree in agriculture 
or natural science, and a knowledge of languages)—The Director, 
Commonwealth Bureau of Pastures and Field Crops, Hurley, near 
Maidenhead, Berkshire. 

SCIENTIFIC OFFICER (BOTANIST or AGRONOMIST), to work on the 
plant species and cultural conditions giving the best ‘yields in the 
large-scale separation of leaf protein—The Secretary, Rothamsted 
Experimental Station, Harpenden, Herts. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


National Institute of Agricultural Botany. Farmers Leaflet No. 8: 
Varieties of Winter Wheats. Pp. 4. Farmers Leaflet No. 9: Varieties 
of Spring Wheats. Pp. 2. armers Leaflet No. 10: Varieties of 
Barleys. Pp. 4. Farmers Leaflet No. 13: Varieties of Oats. Pp. 4. 
(Cambridge: National Institute of Agricultural Botany, 1959.) [192 

Liverpool Observatory and Tidal Institute. Annual Report, 1958. 
-. = (Liverpool: ‘Liverpool Observatory and Tidal Institute, 

159. 192 

Ministry of Housing and Local Government, Smoke is Your Enemy. 
Pp. 8. (London : Ministry of Housing and Local Government, 
1959.) 192 
Central Advisory Water Committee. Sub-Committee on The 
Growing Demand for Water—First Report. Pp. iv+28. 1s. 3d. net. 
Report of the Sub-Committee on Information on Water Resources. 
Pp. ii+20. 1s. 3d. net. (London: H.M. Stationery Office, 1959.) [192 

Association of Universities of the British Commonwealth. Report 
of the Proceedings of the 1958 Home Universities Conference. (Con- 
ference convened by the Committee of Vice-Chancellors and Principals 
and held in the William Beveridge Hall, University of London Senate 
House, 12th and 18th December, 1958.) Pp. 120. (London: Associa- 
tion of Universities of the British Commonwealth, 1959.) 5s. [192 

British Electrical and Allied Industries Research Association. 
Technical Report L/T362: Stability, Reignition Time and other 
Features of the Cold Arc. By A. E. Robson, Pp. 8+1 figure. 6s. Tech- 
nical Report G/XT 164: Radiation Losses from the Arc Column. By 
Dr. H. Pelzer. .19+6 figures. 15s. (Leatherhead : British Electrical 
and Allied Industries Research Association, 1957 and 1958.) [192 

Tobacco Manufacturers’ Standing Committee. Research Papers, 
No. 8: The Constituents of Tobacco Smoke: an Annotated Biblio- 
graphy. Edited by H, R. Bentley and E. G. N. Berry. Pp. ii+49. 
(London: Tobacco Manufacturers’ Standing Committee, 1959.) [192 

Parliamentary and Scientific Committee. Annual Report, 1958. 
Pp. 26. (London: Parliamentary and Scientific Committee, 1959.) [202 

The Year Book of the Royal Society of London, 1959. (No. 63.) 
Pp. 287. (London: The Royal Society, 1959.) 21s. [202 

London School of es ogy and Tropical Medicine (University of 
London), incorporating the Ross Institute. Report on the work of the 
School for the year 1957-1958. Pp. 148. (London: London School 
of Hygiene and Tropical Medicine, 1959.) 202 

Metropolitan-Vickers Electrical Co. Ltd. Metropolitan-Vickers 
Electron Microscope Wall Chart (Type a (Manchester: Metro- 
politan-Vickers Electrical Co., Ltd., 195 [232 

Eton College Natural History Society.  phirteenth Report, 1957- 
1958. Pp. 27+1 plate. (Eton: Eton College Natural History Society, 
1959.) 2s. 6d. (Associates 1s.) 

Agricultural Research Council. Postgraduate Studentships ot 
Fellowships offered in 1959. Pp. 16. (London: Agricultural Research 
Council, 1959.) 232 

Educational Research, Vol. 2 (February, 1959). (A review 
for Teachers and all aeeal wth “Progress in Education.) Pp. 80. 
Published in November, February and June. (London: Newnes 
Educational Publishing bo., Ltd., 1959. Published for the National 
Foundation for eee [Research in England and Wales.) 5s. 6d. 
per issue or 16s. 6d. pe 2 

‘weed River Porieation Board. Annual Report for the year ended 
15th March, 1958 oe. 26. (Newtown St. Boswells: Tweed River 
Purification Board, 1959 .) 232 

B.B.C. Engineering Monograp h No. 23: The Crystal Palace ne) 1 
Television ha neg en Fae Aerial. By W. Wharton and G. C. Platts 

Pp. 15. (London: British Broadcasting Corporation, 1959.) 5s. 

International Tin Research Council. Annual Report, 1 (Publi- 
A) No. 294.) Pp. 89. (Greenford, Middx.: Tin Research Conte 
1 . 2 


Other Countries 
Research Bulletin of the Panjab University. No. 144 (2 


April 25, 1959 vo.4 


On a Trematode of the Genus Haematotrephus Stossich, 008 r 
- 


Air Sac of Lobivanellus indicus (Boddaert) in India. By 

Pp. 107-111. Rs. 1/05. No. 145 (Zoology): On a New Di, 
Trematode from Sterna aurantia Gray in Hoshiarpur ( 
Redescription of Uvulifer stunkardi (Pande, ag Bhale: 
By N. K. Gupta. Pp. 118-117. Ks. 1/05. No. 146 (Math 
Partitions of j-Partite Numbers. By Hansraj ou ct Pp. 


Rs. 1/00. No. 147 (Zoology) : a Tae the Snails: ‘ 


tenia cassida and Macrochlamys petrosa. By Kuld an ont 
yt Pee ~184+6 plates. Rs. 2/90. (Hoshiarpur: Panja’ 


pheriques. Station de Sourbes, Juillet 1957. Pp 
Dourbes, Aoit 1957. Pp. 26. (Bruxelles : Institut Royal 
“a de Belgique, 1959.) 


Institut Royale Météorologique de Belgique. Ag aie 


Zweiter Katalog der Astronomischer Gesellschaft fiir das iq 
tium 1950. Qrter der Sterne bis zur neunten Grésse zwische 


Nordpo! und 2° siidlicher Deklination abgeleitet aus photog: 


Himmelsaufnahmen der Sternwarten Bcrgedorf und Bunn, — 
Leitung von Richard Schorr und Arnold Kohlschitter. Zwdlfte 
Deklination +10° bis +15°. Pp. ii+304. Dreizehnter Band? 


lination +5° bis +10°. Pp. ii+356. Vierzehnter Band: Dek 
0° bis +5°. Pp. 320. Fiinfzehnter Band: Deklination —2°, 
Pp. 154. (Bonn: Universitaéts Sternwarte, 1958.) 
Acarologia, Tome 1, Fasc. 1, (Janvier, 1959.) Publiée et ¢ 
Mare André. Pp. 180. (Publication paraissant quarte fois 
Abonnement Annuel: France et Union Francaise, 3,600 # 


sn 


Pays étrangers 4,200 frances. (La-Varenne (Seine): Mare | A 


8 bis, Avenue Thiers, 1959.) 


The American Ephemeris and Nautical Almanac for the year 


> 


Pp. xii+533. (Washington, D.C.: Government Printing ¢ 


1958.) 4 dollars. 

International Atomic Energy Agency, Vienna. Technical A 
Services available from IAEA. Pp. 16. (Vienna: International Al 
Energy Agency, 1958.) 


Centre National de la Recherche Scientifique, Paris, G 0 


Laboratoires de Bellevue. Pp.114. 1,000francs. Centre de B 
sur les Macromolécules, Strasbourg. Pp. 52. 800 francs, 
Centre de la Recherche ‘Scientifique, 1959.) 

Caribbean Geological Conference. Report of the First 


held at Antigua, British West Indies, December, 1955. Pp. 70. (Gi 


town: Geological Survey, 1958.) 
Berichte des Deutschen’ Wetterdienstes, Nr. 49 (Band 7): 


trierungen der Verdunftungsgrosse in Wyk/Fohr und in £ 


peissenberg. Von Johannes Grunow und Walter Leisther. 
(Offenbach : Deutschen Wetterdienstes, 1958.) 


Smithsonian Institution: Bureau of American Ethnology. 
ted by # 


169: River Basin Surveys Papers, Numbers 9-14. Edi 
H. H. Roberts. (Inter-Agency Archaeological Salvage 
Pp. ix+392+78 plates. (Washington, D.C.: Government P 
Office, 1958.) 3.25 dollars. 

New Zealand Forest Service: Forest Research Institute. Tee 
Paper No. 25: The Physical and Mechanical Properties of B 
(Knightia excelsa R.Br.). By J. Maddern Harris and C. R. R. Hel 


Pp. 22+4 plates. (Wellington: New Zealand Forest Ser 


1958.) 
Annals of the New York Academy of Sciences. Vol. 76, 


Conceptual and Methodological Problems in Psychoanalysis.” 


Leopold Bellak, M. Ostow, E. Pumpian-Mindlin, A. H. § 


T. S. Szasz. Pp. 971-1134. (New York: New York Acat dem, 


Getenene, 1959.) 2.75 dollars. 


World Health Organization. Technical Report Series. No. | 


Post-Graduate Training in the Public Health Aspects of 


Energy: Fourth Report of the Expert Committee on Professit 


and Technical Education of Medical and Auxiliary Personnel. 


2 Swiss francs; $s. 6d.; 0.60 dollars. No. 155: Introducti¢ 


Radiation Medicine into the Undergraduate Medical 
Fifth Report of the Expert Committee on Professional and 


4 


Education of Medical and Auxiliary Personnel. Pp. 24. 1 Swiss fr 


1s. 9d.; 0.30 dollars. (Geneva: World Health Organization; 4 


Stationery Office, 1958.) 

Annales de |’Institut Océanographique. Fondées par 8.A.8. 
ler, Prince de Monaco. Continuées par le Professeur L. 
Publiées sous la direction de Louis Fage. Nouvelle Série. 
Fase. 4 et dernier: Résultats Scientifiques des Campagnes du 


seaphe F.N.R.S. ITI, 1954-1957. . 235-341+planches 1 


(Paris: Masson et Cie., 1959.) 1,500 francs. 


i 


Organization for European Economic Co-operation. Policit 


Sound Economic Growth—Tenth Annual Economic Review. 


144, (Paris: Organization for European Economic Co-ope 


1959.) 
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